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Current trends in aflatoxin research 
Nikolett Bárányi, Sándor Kocsubé, Csaba Vágvölgyi, János Varga* 
Department of Microbiology, Faculty of Science and Informatics, University of Szeged, Szeged, Hungary 
ABSTRACT Aflatoxins are decaketide-derived secondary metabolites which are produced by 
a complex biosynthetic pathway. Aflatoxins are among the economically most important myco-
toxins. Aflatoxin B, exhibits hepatocarcinogenic and hepatotoxic properties, and is frequently 
referred to as the most potent naturally occurring carcinogen. Acute aflatoxicosis epidemics 
occurred in several parts of Asia and Africa leading to deaths of several hundred people. Recent 
data indicate that aflatoxins are produced by 20 species assigned to three sections of the genus 
Aspergillus: sections Flavi, Nidulantes and Ochraceorosei. The economically most important 
producer is A. flavus and its relatives. Compounds with related structures include sterigma-
tocystin, an intermediate of aflatoxin biosynthesis produced by several Aspergilli and species 
assigned to other genera, and dothistromin produced by a range of r\or\-Aspergillus species. 
Aflatoxin producers and consequently aflatoxin contamination occur frequently in various food 
products mainly in tropical and subtropical areas of the world. However, climate change led to 
the occurrence of aflatoxin producing species, especially A. flavus in areas where they were not 
prevalent previously. Molecular genetic and genomic studies led to the clarification of aflatoxin 
and sterigmatocystin biosynthetic pathways in a range of producing organisms, and provided 
insight into the metabolism and effect of aflatoxins. In this review, we wish to give an overview 
on recent progress of aflatoxin research including producing organisms, occurrence, biosynthesis 
a n d m o l e c u l a r d e t e c t i o n o f a f l a t o x i n s . Acta Biol Szeged 57(2):95-107 (2013) 
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Secondary metabolism is mainly a characteristic of fila-
mentous fungi. The diversity and complexity of secondary 
metabolites is astounding, and species of Aspergillus are rich 
in genes for secondary metabolism (Nierman et al. 2005; Ko-
bayashi et al. 2007; Rokas et al. 2007). Secondary metabolites 
are usually not required for growth of the organism in culture, 
but do contribute to the fitness of the organism in its natural 
environment. Secondary metabolites have an impact on our 
daily life either as toxins or as beneficial compounds. Ben-
eficial secondary metabolites made by species of Aspergillus 
include food additives such as kojic acid or citric acid, antibi-
otics such as penicillin, and cholesterol reducing drugs such 
as lovastatin (Endo et al. 1976; Adrio and Demain 2003). In 
contrast, the repertoire of fungal secondary metabolites also 
includes harmful products known as mycotoxins. 
Aflatoxins are the most thoroughly studied mycotoxins, 
which are produced by species assigned to the Aspergillus ge-
nus. They were discovered when the toxicity of animal feeds 
containing contaminated peanut meal led to the death of more 
than 100,000 turkeys from acute liver necrosis in the early 
sixties (Turkey-X disease; Blout 1961; Sargeant et al. 1961; 
van der Zijden et al. 1962). Aspergillus flavus was identified 
as the producing fungus, and aflatoxins were named after 
the toxic agent. Aflatoxins have both toxic and carcinogenic 
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properties, posing serious threats to both animal and human 
health (Bennett and Klich 2003). Comprehensive studies have 
shown that aflatoxin is a risk factor for human hepatocellular 
carcinoma, especially in Asia and sub-Saharan Africa (Groop-
man et al. 2005). Several deaths were also attributed to acute 
aflatoxicosis (Nyikal et al. 2004). Because of its toxicity, over 
100 countries restrict the content of aflatoxins in the food and 
feed supplies (van Egmond et al. 2007). 
Aflatoxins are a group of structurally related difurano-
coumarins that were named as aflatoxins B,, B,, G p and G, 
based on their fluorescence under UV light (blue or green) 
and relative chromatographic mobility during thin-layer chro-
matography. Aflatoxin Bj (Fig. 1) is the most potent natural 
carcinogen known (Squire 1981,1 ARC 2012), and is usually 
the major aflatoxin produced by toxigenic strains. Apart 
from those mentioned above, over a dozen of other structural 
analogs including aflatoxins P p Q P B,a and G, have been 
described as mammalian biotransformation products of the 
major metabolites, while aflatoxin Dj was detected in am-
moniated maize, and aflatoxin B3as a metabolite of A. flavus 
(Cole and Schweikert 2003, Varga et al. 2009). Aflatoxin M,, 
a hydroxylated metabolite is found primarily in animal tissues 
and fluids (milk and urine) as a metabolic product of aflatoxin 
B, (Varga etal. 2009; Fig. 1). 
In this review, an overview of recent data on aflatoxins will 
be presented including the range of aflatoxin producing fungi. 
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Figure 1. Structures of the most important aflatoxins and their structural relatives. 
occurrence of aflatoxins and producers in various matrices, 
and biosynthesis and molecular detection of aflatoxins. 
Aflatoxin producers 
A thorough review has been published recently on the re-
evaluation of aflatoxin production in fungi (Varga et al. 
2009). At that time, 13 species have been found to be able 
to produce aflatoxins, all belonging to the Aspergillus genus. 
Since then, 7 more species have been found to be able to 
produce these compounds including A. pseudonomius, A. 
pseudocaelatus (Varga et al. 2011), A. togoensis (Rank et 
al. 2011), A. mottae, A. sergii, A. transmontanensis (Soares 
et al. 2012) and A. novoparasiticus (Gon^alves et al. 2012). 
These data indicate that aflatoxins are produced by at least 
20 species assigned to three sections of the genus Aspergil-
lus: sections Flavi, Nidulantes and Ochraceorosei (Varga et 
al. 2009; Fig. 2, Table 1). Some aflatoxin producing species 
have been described as Emericella species (one of the sexual 
stages of the Aspergillus genus). However, according to the 
Amsterdam declaration on fungal nomenclature, only one 
name can be applied for a fungus (Hawksworth et al. 2011). 
Under the current rules of the International Code of Nomen-
clature for algae, fungi, and plants (Hawksworth 201 lb; 
Melbourne Code. McNeill et al. 2012) and the discussions 
held by the International Commission on Penillium and 
Aspergillus (ICPA; http://www.aspergilluspenicillium.org/ 
index.php/single-name-nomenclature/88-single-names/1 OS-
O b 
aspergillus-options), the Aspergillus name was chosen as the 
valid one for these species (Hawksworth 201 la; Samson et 
al. unpublished data). 
Only B-type aflatoxins are produced by most species, 
although species related to A. parasiticus and A. nomius are 
usually able to produce G-type aflatoxins too (Table 1). Ex-
type isolates of A. oryzae, A. fasciculatus, A. kambarensis, 
A. effusus and A.flavus var. columnaris were treated as syn-
onyms of A.flavus, ex-type isolates of A. toxicarius and of 
A. chungii (NRRL 4868) were considered not distinct from 
A. parasiticus (Soares et al. 2012), and A. zhaoqingensis 
has been synonymised with A. nomius (Varga et al. 2011). 
Although, aflatoxin production was claimed for several other 
species and fungal genera (and actually even for bacteria), 
none of these observations could have been confirmed (Varga 
et al. 2009). Recently, a Fusarium kyushuense isolate was also 
claimed to produce aflatoxins, but this report also could not be 
confirmed (Schmidt-Heydt et al. 2009; Varga et al. 2009). 
A structurally related compound, the carcinogenic sterig-
matocystin is an intermediate of the aflatoxin biosynthesis, 
and may be important as it can be produced in rather large 
amounts on cheese and occasionally in cereals (Pitt and 
Hocking 2010; Samson et al. 2010). Sterigmatocystin has 
been reported in several phylogenetically and phenotypi-
cally different genera (Rank et al. 2011). The major source 
of sterigmatocystin in foods and indoor environments is 
Aspergillus versicolor and its relatives (Samson et al. 2010). 
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Figure 2. Phylogenetic tree of aflatoxin producing fungi based on partial calmodulin sequence data. 
Production of this mycotoxin was confirmed in 31 Aspergil-
lus, five Chaetomium species and in Botryotrichum pillulifera, 
Bipolaris sorokiana and Humicola nordinii under the growth 
conditions tested using multiple detection methods (Rank et 
al. 2011). Sterigmatocystin production was also confirmed 
in Aspergillus inflatus (=Penicillium inflatum; Rank et al. 
2011), which species belongs to Aspergillus section Cremei 
according to multilocus phylogenetic studies (Varga et al. un-
published results). More recently, Jurjevic et al. (2012, 2013) 
described 9 new species assigned to section Versicolores 
which are also able to produce this compound. Sterigmato-
cystin production was also confirmed in Podospora anserina 
(Matasyoh et al. 2011), and the gene cluster responsible for 
the biosynthesis of sterigmatocystin was also identified (Slot 
and Rokas 2011). Apart from sterigmatocystin, the immediate 
precursor of aflatoxin, O-methylsterigmatocystin was also 
found in Chaetomium cellulolyticum, Chaetomium longicol-
leum, Chaetomium malaysiense and Chaetomium virescens 
(Rank et al. 2011). Besides, the ex-type strain of the newly 
described species A. bertholletius was also found to produce 
O-methylsterigmatocystin, indicating that the genome of 
this species also carries the aflatoxin biosynthetic gene clus-
ter (Taniwaki et al. 2012). Although sterigmatocystin is a 
precursor of aflatoxins, only Aspergillus ochraceoroseus, A. 
rambellii (Frisvad et al. 1999; Klich et al. 2000), and some 
species belonging to section Nidulantes accumulate both 
sterigmatocystin and aflatoxins (Frisvad et al. 2004; Frisvad 
and Samson 2004). Members of Aspergillus section Flavi, 
which includes the major aflatoxin producers, efficiently 
convert sterigmatocystin through 3-methoxysterigmatocystin 
to aflatoxins (Frisvad et al. 1999). An exception in this section 
is A. togoensis, which is able to produce both aflatoxins and 
sterigmatocystin (Wicklow et al. 1989; Rank et al. 2011). 
Another metabolite structurally related to aflatoxins is 
dothistromin produced by Dothistroma septosporum, an im-
portant forest pathogen causing red band needle blight disease 
of pine trees (Bradshaw 2004). Dothistromin is similar in 
structure to versicolorin B, a precursor of aflatoxin biosyn-
thesis. Full genome sequencing of D. septosporum made it 
possible to identify the genes taking part in the biosynthesis 
of this compound (Bradshaw et al. 2013). Interestingly, in 
contrast with other secondary metabolite biosynthesis genes 
which form gene clusters, most of the genes taking part in 
dothistromin biosynthesis were found to be spread over six 
separate regions on chromosome 12 of the pathogen (Brad-
shaw et al. 2013). The coordinated control of this dispersed 
set of secondary metabolite genes is achieved by the transcrip-
tion factor AflR (Chettri et al. 2013). 
Occurrence of aflatoxin producing fungi and 
aflatoxins in various habitats 
Aflatoxins are primarily produced by Aspergillus flavus and 
A. parasiticus on agricultural commodities including cereals 
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Table 1. Aspergillus species able to produce aflatoxins and other mycotoxins. 
Species Occurrence Type of afla- Other mycotoxins 
toxin produced 
References 
Aspergillus section Ftavi 
A. arachidicola 
A. bombycis 
A. flavus 
A. minisclerotigenes 
A. nomius 
A. novoparasiticus 
A. parasiticus 
A. parvisclerotigenus 
A. pseudocaelatus 
A. pseudonomius 
A. pseudotamarii 
A. togoensis 
A. transmontanensis 
A. mottae 
A. sergii 
Argentina, Brazil 
Japan, Indonesia, Brazil 
Worldwide 
Argentina, USA, Austra-
lia, Nigeria, Portugal, 
Benin, Argentina, Mo-
rocco, Algeria, (Kenya?) 
USA, Japan, Thailand, 
India, Brazil, Hungary, 
Serbia 
Colombia, Brazil 
USA, Japan, Australia, 
Brazil, India, South 
America, Uganda, Por-
tugal, Italy, Serbia 
Nigeria 
Argentina 
USA 
Japan, Argentina, Bra-
zil, India 
Central Africa 
Portugal 
Portugal 
Portugal 
Aspergillus section Ochraceorosei 
A. ochraceoroseus Ivory Coast 
A. rambellii Ivory Coast 
Aspergillus section Nidulantes 
A. asteIlatus (=Emericella Ecuador 
astellata) 
A. olivicola (=Emericella Italy 
olivicola) 
A. venezuelensis (=Emer- Venezuela 
icella venezuelensis) 
Aflatoxins B,, 
Aflatoxins B,, 
Aflatoxins B, 
8B2 
Aflatoxins B,, 
B 2 S G „ G2 
Aflatoxins B,, 
B2 &G,, G2 
Aflatoxins B,, 
B2 SG, , G2 
Aflatoxins B,, 
Aflatoxins B,, 
B2 8 G,, G2 
Aflatoxins B,, 
B 2 8 G „ G2 
Aflatoxin B, 
Aflatoxin B,, B2 
8 GL, G2 
Aflatoxin B, 
Aflatoxins B,, 
B 2 8 G „ G2 
Aflatoxins B,, 
B 2 S G „ G2 
Aflatoxins B 
Aflatoxins B, 
8B2 
Aflatoxins B, 
& B, 
Aflatoxin B 
Aflatoxin B 
Aflatoxin B 
kojic acid, aspergillic acid 
kojic acid, aspergillic acid 
cydopiazonic acid, kojic acid, 
aspergillic acid 
cydopiazonic acid, kojic acid, 
aspergillic acid 
kojic acid, aspergillic acid, tenu-
azonic acid 
kojic acid 
kojic acid, aspergillic acid 
cydopiazonic acid, kojic acid 
cydopiazonic acid, kojic acid 
kojic acid 
cydopiazonic acid, kojic acid 
sterigmatocystin 
aspergillic acid 
cydopiazonic acid, aspergillic acid 
cydopiazonic acid, aspergillic acid 
sterigmatocystin 
sterigmatocystin 
sterigmatocystin, terrein 
sterigmatocystin, terrein 
sterigmatocystin, terrein 
Pildain et al. 2008, Calderari et 
al. 2013 
Peterson et al. 2001, Calderari et 
al. 2013, Okano et al. 2012 
Varga et al. 2009 
Pildain et al. 2008, Soares et al. 
2012, Moore et al. 2013, Guezla-
ne-Tebibel et al. 2012, El Mahgubi 
et al. 2013, (Probst et al. 2012) 
Kurtzman et al. 1987, Olsen et 
al. 2008, Manikandan et al. 2009, 
Calderari et al. 2013, Okano et al. 
2012, unpublished observations 
Gon^alves et al. 2012 
Varga et al. 2009, Soares et al. 
2012, Baquiao et al. 2013, unpub-
lished observations 
Geiser et al. 2000, Frisvad et al. 
2005 
Varga et al. 2011 
Varga et al. 2011 
Ito et al. 2001, Baranyi et al. 2013, 
Calderari et al. 2013, Massi et al. 
submitted 
Wicklow et al. 1989, Rank et al. 
2011 
Soares et al. 2012 
Soares et al. 2012 
Soares et al. 2012 
Frisvad et al. 1999 
Frisvad et al. 2005 
Frisvad et al. 2004 
Zalar et al. 2008 
Frisvad and Samson 2004 
(wheat, maize, rice), cotton, peanut, tree nuts, pepper, spices 
and others (Varga et al. 2009). Aflatoxins were also detected 
and Aspergillus flavus was identified from water from a cold 
water storage tank by Paterson et al. (1997). More recently, 
the fungal flora of tap water from an Iranian university hospi-
tal was investigated and the results of this study showed that 
hospital water should be considered as a potential reservoir 
of fungi particularly Aspergillus including A. flavus (Hedayati 
et al. 2011). A. flavus is also frequently isolated from indoor 
air, particularly in subtropical and tropical areas (Hedayati et 
al. 2007, 2010; Sepahvand et al. 2013). Recently, this species 
was also identified in large quantities in indoor air in Croatia 
and Hungary (Varga et al., unpublished results). 
The most important aflatoxin producer, A. flavus can cause 
both pre- and postharvest contamination of various agricul-
tural products. Although, the native habitat of this species is 
9 8 
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Gene (synonym) Enzyme or product Step in aflatoxin biosynthesis pathway 
afIA 
afIB 
afIC 
hypC 
afID 
aflE 
aflF 
afIG 
aflH 
afll 
aftj 
aflK 
afIL 
aft M 
afIN 
aflO 
aflP 
aflQ 
afIR 
afIS 
afIT 
aflU 
aflV 
aflW 
afIX 
aflY 
(fas-2) 
(fas-1) 
(pksA) 
(nor-1) 
(norA) 
(norB) 
(avnA) 
(adhA) 
(avfA) 
(estA) 
vbs 
verB 
ver-t 
verA 
dmtA (mt-1) / 
omtB 
omtA 
ordA 
afIR 
aflJ 
afIT 
cypA 
cypX 
moxY 
ordB 
hypA 
Fatty acid synthase a 
Fatty acid synthase [3 
Polyketide synthase 
Anthrone oxidase 
Reductase 
NOR-reductase 
Dehydrogenase 
Cytochrome P450 monooxigenase 
Alcohol dehydrogenase 
Averufin monooxygenase 
Cytosole esterase enzyme 
Versicolorine B synthase 
Cytochrome P450 monooxigenase/ desaturase 
Ketoreductase enzyme 
Cytochrome P450 monooxigenase 
O-methyltransferase 1/ 
O-methyltransferase B 
O-methyltransferase 11/ 
O-methyltransferase A 
Monooxygenase 
Transcription activator 
Transcription enhancer 
ABC transporter protein 
Cytochrome P450 monooxigenase 
Cytochrome P450 monooxigenase 
Monooxygenase 
Monooxygenase 
Hypothetical protein 
malonyl-CoA -» condensed polyketide noranthrone 
malonyl-CoA -» condensed polyketide noranthrone 
malonyl-CoA -» condensed polyketide noranthrone 
noranthrone -» norsolonic acid 
norsolonic acid (NOR)-» averantin (AVN) 
norsolonic acid (NOR)-» averantin (AVN) 
norsolonic acid (NOR)-» averantin (AVN) 
averantin (AVN)-> hydroxyaverantin (HAVN) 
hydroxyaverantin (HAVN)-»averufin (AVR) 
averufin (AVR)-» versiconal hemiacetal aceteate (VHA) 
versiconal hemiacetal aceteate (VHA)-> versiconal (VAL) 
versiconal (VAL)-> versicolorin B 
versicolors B -» versicolorin A, 
versicolorin B -»demethyldihydrosterigmatocystin (DMDH5T) 
versicolorin A —> demethylsterigmatocystin (DMST) 
versicolorin A -> demethylsterigmatocystin (DMST) 
demethylsterigmatocystin (DMST) -> sterigmatocystin (ST) 
dihydrodemethylsterigmatocystin (DHDMST) -> dihydrosterigma-
tocystin (DHST) 
sterigmatocystin (ST) -> O-methylsterigmatocystin (OMST) 
dihydrosterigmatocystin (DHST) -»dihydro-O-methylsterigmatocys-
tin (DHOMST) 
O-methylsterigmatocystin (OMST) -> aflatoxin B, and G, 
dihydro-O-methylsterigmatocystin (DHOMST) -> aflatoxin B2 and G2 
Pathway regulator 
Pathway regulator 
Unassigned 
Unassigned 
Unassigned 
Unassigned 
Unassigned 
Unassigned 
soil and decaying vegetation, it is able to invade many types 
of organic substrates whenever conditions are favorable for 
its growth. A.flavus is also an important pathogen of various 
cultivated plants including maize, cotton and peanut, and 
cause serious yield losses throughout the world. Since afla-
toxin production is favored by moisture and high temperature, 
A. flavus is able to produce aflatoxins in warmer, tropical 
and subtropical climates (Varga et al. 2009). Consequently, 
aflatoxin contamination of agricultural products in countries 
with temperate climate, including Central European countries 
was not treated as a serious health hazard. However, recently 
several papers have dealt with the effects of climate change 
on the appearance of aflatoxin producing fungi and aflatoxins 
in foods (Cotty and Jaime-Garcia 2007; Miraglia et al. 2009; 
Paterson and Lima 2010; Tirado et al. 2010). Based on these 
studies, aflatoxin producing fungi and consequently aflatoxins 
are expected to become more prevalent with climate change 
in countries with temperate climate. Indeed, several recent 
reports have indicated the occurrence of aflatoxin producing 
fungi and consequently aflatoxin contamination in agricul-
tural commodities in several European countries that did not 
face with this problem before. In western Romania, Curtui et 
al. (1998) reported that all the examined maize samples were 
free from aflatoxins in 1997. However, more recently, Tabuc 
et al. (2009) have found that about 30% of maize samples col-
lected between 2002 and 2004 in southeastern Romania were 
contaminated with aflatoxin Bj (AFB!), and in 20% of these 
samples the level of toxin exceeded the European Union limit 
of 5 pg/kg. In Serbia, Jakic-Dimic et al. (2009) isolated A. fla-
vus from 18.7% of the maize samples analyzed, and aflatoxins 
were also detected in 18.3% of the samples, while Jaksic et 
al. (2011) detected aflatoxins in 41.2% of the analyzed maize 
samples in the range of 2-7 pg/kg. Polovinski-Horvatovic et 
al. (2009) observed aflatoxin in 30.4% of milk samples 
collected from small farms in Serbia in amounts exceeding the 
allowable legislation of the European Union. Similarly, Torkar 
and Vengust (2007) detected aflatoxin M, above the EU 
limit in 10% of the examined milk samples in Slovenia. Halt 
(1994) detected aflatoxins in 9.4% of Croatian flour samples, 
and isolated A. flavus from 38% of the flour samples in 2004 
(Halt et al. 2004). Although Haberle (1988) could not detect 
aflatoxins in Croatian milk samples, Bilandzic et al. (2010) 
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could detect aflatoxin M, above the EU limit in some milk 
samples collected in Croatia. Regarding Hungary. Richard et 
al. (1992) examined the mycotoxin producing abilities of 22 
isolates collected from various sources in Hungary, and none 
of the isolates were found to produce aflatoxins. However, 
more recently, Borbély et al. (2010) have examined myco-
toxin levels in cereal samples and mixed feed samples col-
lected in eastern Hungary, and detected AFBj levels above the 
EU limit in 4.8% of the samples. Dobolyi et al. (2011, 2013) 
identified aflatoxin producing A. flavus isolates in several 
maize fields in Hungary. Aflatoxin contamination of maize 
(2003) and milk (2007, 2011, 2012) originating from Hun-
gary, Serbia, Romania and Slovenia have also been detected 
recently in the frame of the Rapid Alert System for Food and 
Feed of the European Union (https://webgate.ec.europa.eu/ 
rasff-window/portal/). In recent surveys, A. flavus was also 
identified in various agricultural products including maize, 
wheat and barley in Hungary (Tóth et al. 2012). 
Due to the extreme weather conditions in 2012 in Central 
Europe, aflatoxin contamination of maize and milk caused 
serious problems in several countries including Serbia, Ro-
mania and Croatia (http://en.wikipedia.org/wiki/2013_afla-
toxin_contamination). Aflatoxins were also detected in maize 
kernels in Hungary after harvest in 2012 (Tóth et al. 2013). 
Apart from A. flavus, other aflatoxin producers have also 
been observed in Central Europe. A. nomius was detected for 
the first time in the region in cheese samples in Hungary, and 
in maize in Serbia (Varga et al.. unpublished observations). 
Since A. nomius is also able to produce G-type aflatoxins, 
these data explain their detection in some Serbian maize 
samples (Kos et al. 2013). 
Aflatoxin producers have also been found to be able to 
cause human infections. Aspergillus flavus is considered as 
the second most important cause of invasive aspergillosis, and 
also frequently identified in other human infections (Hedayati 
et al. 2007). Other aflatoxin producing species identified 
as causes of human diseases include A. nomius which was 
identified from human onychomycosis and keratitis cases 
(Manikandan et al. 2009), and A. pseudotamarii identified 
from a keratitis case in India (Baranyi et al. 2013). Aflatoxin 
producing abilities of A. nomius have also been proven under 
ex vivo conditions (Klich ct al. 2009: Baranyi et al. 2013, 
unpublished results). 
Aflatoxin biosynthesis 
Molecular analysis of aflatoxin production in A. flavus and A. 
parasiticus led to the identification of an about a 75 kb DNA 
cluster consisting of two specific transcriptional regulators 
(aflR and aflS), and at least 30 co-regulated downstream 
metabolic genes in the aflatoxin biosynthetic pathway (Liu 
and Chu 1998; Bhatnagar et al. 2003; Yu et al. 2004; Georgi-
anna and Payne 2009: Ehrlich et al. 2012). Sterigmatocystin 
is a penultimate precursor of aflatoxin biosynthesis and also 
a toxic and carcinogenic substance produced by many species 
belonging mainly to sections Versicolores and Nidulantes of 
the Aspergillus genus. Sterigmatocystin production also oc-
curs in the phylogenetically unrelated genera Monocillium, 
Chaetomium, Humicola and Bipolaris (Varga et al. 2009; 
Rank et al. 2011). Two genes, aflR and aflS, located diver-
gently adjacent to each other within the aflatoxin cluster are 
involved in the regulation of aflatoxin or sterigmatocystin 
gene expression. The gene aflR encodes a sequence-specific 
zinc-finger DNA-binding protein (Zn(II)2Cys6), which is 
required for transcriptional activation of most, if not all, of 
the structural genes (Chang etal . 1993, 1995, 1999; Payne et 
al. 1993; Woloshuk et al. 1994; Yu et al. 1996; Flaherty and 
Payne 1997; Ehrlich et al. 1998; Price et al. 2006). 
Aflatoxin biosynthesis is also regulated by aflS (formerly 
aflj), a gene that resides next to aflR. The genes aflS and aflR 
are divergently transcribed, and they have independent pro-
moters (Georgianna and Payne 2009). The intergenic region 
between them, however, is short and it is possible that they 
share binding sites for transcription factors or other regula-
tory elements (Ehrlich and Cotty, 2002). The precise role of 
AflS in aflatoxin biosynthesis remains unclear (Georgianna 
and Payne 2009). 
The biosynthesis of aflatoxins occurs through a series of 
highly organized oxidation-reduction reactions (Dutton 1988; 
Bhatnagar et al. 1992; Minto and Townsend 1997). Aflatoxin 
biosynthesis starts with conversion of hexanoyl-CoA and 7 
malonyl-CoAs to a condensed polyketide noranthrone by 
the products of two fatty acid synthase genes, aflA and aflB 
(whose original names were: fas-1 and f a s -2 ) and a polyketide 
synthase gene, aflC (pksA) (Cary et al. 2000). HypC, an open 
reading frame in the region between the aflC (pksA) and 
aflD (nor-1) genes in the aflatoxin biosynthesis gene cluster, 
encodes a 17-kDa anthrone oxidase which is involved in the 
catalytic conversion of noranthrone to norsolonic acid (NOR) 
(Ehrlich 2009). NOR is the first stable meffbolite which can 
be isolated. AflD (nor-1), aflE (norA) and aflF (norB) have an 
important role in the reduction from NOR to averantin (AVN). 
NOR is converted to AVN by reductase-, and dehydroge-
nase enzymes, and this reaction is reversible depending on 
NADP(H) or NAD(H) (Bennett and Christensen 1983: Dut-
ton 1988; Yabe etal. 1991a; Bhatnagar et al. 1992). The next 
catalytic step is the conversion of AVN to hydroxyaverantin 
(HAVN) by a cytochrome P450 monooxigenase enzyme that 
is encoded by the gene aflG (avnA) (Yu et al. 1997). Yu and 
his colleagues (1997) have demonstrated in their gene disrup-
tion and substance feeding studies, that HAVN and possibly 
an additional compound are the intermediers during conver-
sion of AVN to averufin (AVR). The alcohol dehydrogenase 
encoded by aflH (adhA) (Chang et al. 2000) can catalyse the 
conversion from HAVN to AVR. 
Some of the catalytic steps in the conversion of AVR to 
versicolorin B (VERB) have not yet been assigned to a spe-
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Figure 3. Aspergillus flavus. a. Occurrence of A. flavus on a maize cob. b. Colonies of A. flavus growing on malt extract agar from wheat grain, 
c-d. A. flavus conidial heads. 
cific gene in the cluster. Three genes are possible candidates 
for individual steps: aflV (cypX), aflW (moxY), and afll (avfA) 
(Bhatnagar et al. 2003). AVR is converted to hydroxy versicol-
orone (HVN) by a microsome enzyme in the presence of NA-
DPH (averufin monooxygenase; Yabe et al. 2003). The gene 
which encodes this enzyme is afll (avfA) (Yu et al. 2000a). 
The aflV (cypX) and aflW (moxY) genes ( Yu et al. 2000b), also 
have an important role in the conversion of AVR to versiconal 
hemiacetal acetate (VHA). The gene aflV (cypX) encodes a 
P450 monooxygenase enzyme and aflW (moxY) encodes a 
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monooxygenase enzyme (Keller et al. 2000). 
Hydroxy versicolorone (HVN) is converted to VHA by a 
VHA synthase enzyme that requires NADPH as a cofactor. 
The gene which encodes this enzyme has not been identified 
yet (Yabe et al. 2003). A cytosolic esterase enzyme encoded 
by the gene aflJ (estA) is involved in the conversion of VHA 
to versiconal (VAL). 
The conversion of VHA to VERB is the key step in afla-
toxin formation since it closes the bisfuran ring of aflatoxin. 
Silva et al. (1996), Silva and Townsend (1996), and McGuire 
(1996) cloned and demonstrated the function of the VERB 
syntase gene (vbs) in the conversion of VHA to VERB in 
A. parasiticus. The new name of vbs gene is aflK (Yu et al. 
2004). 
The formation of versicolorin A (VERA) from VERB is 
a branch point in aflatoxin biosynthetic pathway (Bathnagar 
et al. 1991; Bathnagar etal. 1993; Yabe and Hamasaki 1993). 
Similarly to AFB, and AFG2, VERB contains a tetrahyd-
robisfuran ring in its structure; and, like AFB1 and AFG1, 
VERA contains a dihydrobisfuran ring. The branching step 
between B- and G-type aflatoxins is the desaturation reaction 
from VERB to VERA (Yabe et al. 1991b). The aflL (verB) 
gene encodes a cytochrome P450 monooxygenase/ desaturase 
which is presumed to be involved in the conversion of VERB 
to VERA in aflatoxin biosynthesis. The gene responsible for 
the conversion directly from VERB to demethyldihydrosterig-
matocystin (DMDHST) and then to AFB, and AFG, has not 
yet been defined. It is possible that aflL (verB) participates in 
conversion of both VERB to VERA and VERB to DMDHST 
(Yu et al. 2004). 
The dihydrobisfuran ring in VERA and the tetrahydrobis-
furan ring in VERB are maintained through the next steps. The 
intermediates after these versicolorins are demethylsterigma-
tocystin (DMST) for VERA and dihydrodemethylsterigmato-
cystin (DHDMST) for VERB (Yabe et al. 1989). AflM(ver-l) 
and aflN (verA) are required for the conversion of versicolorin 
A (VERA) to demethylsterigmatocystin (DMST), because the 
aflM (ver-1) gene encodes a ketoreductase enzyme (Skory et 
al. 1992) and aflN (verA) gene encodes a cytochrome P-450 
monooxygenase enzyme (Matsushima et al. 1994). The exact 
function of aflN (verA) has not yet been identified (Yu et al. 
2004). The conversion of VERA to DMST requires more then 
one enzymatic activity (Yabe and Nakajima 2004). 
DMST and DHDMST contain two free hydroxyl groups, 
7-OH and 6-OH. Two distinct O-methyltransferase activities 
were demonstrated by Yabe et al. (1989) in A. parasiticus. 
O-methyltransferase I catalyzes the transfer of the methyl 
groups from S-adenosylmethionine (SAM) to the hydroxyl 
groups of DMST and DHDMST in order to produce sterig-
matocystin (ST) and dihydrosterigmatocystine (DHST) (Yabe 
and Nakajima 2004). The gene for this O-methyltransferase in 
A. parasiticus was cloned by Motomura et al. (1999) and was 
named dmtA or mt-1 for O-methyltransferase I. The same gene 
was concurrently cloned by Yu et al. (2000a) in A. parasiticus, 
A.flavus, and A. sojae. This gene was named omlB. The new 
name of dmtA or omtB gene is aflO. 
O-methyltransferase II enzyme is also involved in afla-
toxin biosynthesis (Yabe et al. 1989). The rule of O-meth-
yltransferase II is the conversation of ST to O-methylsterig-
matocystine (OMST) and DMST to dihydro-O-methylsterig-
matocystine (DHOMST) by transferring a methyl group of 
SAM to 7-OH of ST and DMST (Yabe and Nakajima 2004). 
O-methyltransferase II was purified by Keller et al. (1993) and 
its gene, aflP (omtA), was isolated based on the amino acid 
sequence of the purified enzyme (Yu et al. 1993). The absence 
of an aflP (omtA) homolog in A. nidulans is responsible for 
ST as the final product in this fungus. 
The final step in the formation of aflatoxins is the conver-
sion of OMST or DHOMST to aflatoxins B,. B„ G, and G„ 
requiring the presence of a NADPH-dependent monooxyge-
nase encoded by aflQ (ordA) (Prieto and Woloshuk 1997; Yu 
et al. 1998). The formation of the G toxins involves an ad-
ditional step, possibly involving the enzyme encoded by aflX 
(ordB) (Yu et al. 1998; Yabe et al. 1999). Another gene, aflT, 
encodes an ABC transporter protein that may be necessary 
for aflatoxin efflux from the cells. Former studies (Yu et al. 
1998) are suggested that additional enzymes are required for 
the synthesis of G-group aflatoxins. It is clear that aflU (cypA) 
encodes a cytochrome P450 monooxygenase for the forma-
tion of G-group aflatoxins (Ehrlich et al. 2004). Most recently, 
the nadA gene was also found to play a role in AFGyAFG, 
formation (Yu 2012). Cai et al. (2008) disrupted the nadA 
gene and reported that NadA is a cytosolic enzyme for the 
conversion from a new aflatoxin intermediate named NADA, 
which is between OMST and AFG r A.flavus produces only 
AFB! and AFB,, whereas A. parasiticus produces all four 
major aflatoxins", AFB,, AFB,, AFG,, and AFG,. Only the G-
group aflatoxin producer, A. parasiticus, has intact nadA and 
aflF (norB) genes (Yu 2012). Preliminary data suggests that 
aflF (norB) encodes another enzyme predominantly involved 
in AFG/AFG, formation (Ehrlich 2008). 
Molecular detection of af latoxin producing 
fungi 
Early attempts tried to confirm aflatoxin production in fungi 
using 1-3 genes (Shapira et al. 1996), however, these studies 
could not get reliable results. A multiplex reverse transcrip-
tion-polymerase chain reaction (RT-PCR) protocol was elabo-
rated by Degola et al. (2007). It was developed to discriminate 
aflatoxin-producing from aflatoxin-nonproducing strains of 
A.flavus. Five genes of the aflatoxin gene cluster of A. flavus, 
two regulatory (aflK and aflS) and three structural (aflD. aflO, 
aflQ. which synonyms are: nor-1, omtB. ordA), were targeted 
with specific primers to highlight their expression in mycelia 
cultivated under including conditions for aflatoxins produc-
tion (Levin 2012). 
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Three different systems have been used for detection of 
aflatoxin producing isolates of these fungi targeting genes 
involved in the biosynthesis of aflatoxins: 1. a multiplex PCR 
assay targeting the aflD (nor-1), aflR, aflP (omt-1) genes, 
(Shapira et al. 1996), 2. PCR assays targeting the aflP (omt-1), 
aflD (nor-1), aflM (ver-1) genes individually (Färber et al. 
1997) and 3. PCR assays amplifying individual sequences of 
the aflRS, aflJ and aflO (omtB) genes (Rahimi et al. 2008). 
Real-time quantitative PCR (qPCR) moreover provides a tool 
for accurate and sensitive quantification of target DNA (Mulé 
et al. 2006; González-Salgado et al. 2009; Rodríguez et al. 
2011), that could be applied to quantify aflatoxins producing 
molds. In addition, qPCR has greatly simplified the procedure 
relative to conventional culturing techniques, with the con-
tinuous monitoring of samples through amplification which 
allows their easy identification using either the fluorescence of 
non-specific dyes, such as SYBR Green, which can also give a 
signal for primer-dimers and non-specific amplified products 
(Kubista et al. 2006), or a sequence specific hydrolysis probe 
(TaqMan) (Rodriguez et al. 2012). 
A microarray based technique has also been developed 
recently which was used succesfully to study the effect of 
various factors on aflatoxin production in A.flavus (Schmidt-
Heydt et al. 2009; Abdel-Hadi et al. 2012). 
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ABSTRACT The peptaibols, such as alamethicin are secondary metabolites belonging to the 
family of fungal peptide antibiotics. These compounds are linear, amphipathic oligopeptides 
classified into 4 subfamilies and composed of 5-20 amino acids. Their backbones usually contain 
several nonproteinogenic amino acid residues representing characteristic building blocks of the 
structure. In our present work, the mass spectrometric analysis of alamethicin has been inves-
tigated by on-line reversed-phase high performance liquid chromatography (HPLC) coupled to 
electrospray ionization tandem mass spectrometry (ES-MS). Initially, the parameters of the MS 
were optimized by the continuous infusion of an alamethicin standard solution directly into the 
ESI source. Then, the proper HPLC method was developed for the analysis of the alamethicin 
components, which was capable to separate the peaks of F50-5, F50-6a, F50-7 and F50-8b from 
each other, which could be identified based on their mass spectra. 
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A number of economically important antibiotics, secondary 
metabolites and extracellular enzymes are produced by spe-
cies of the genus Trichoderma, including a unique peptide 
group of antibiotics (Sivasithamparam and Ghisalberti 1998). 
Although these peptide-type molecules are produced by 
other organisms as well, most of them are produced by this 
genus or by species from closely related genera (Degenkolb 
et al. 2003). They have characteristic molecular weights 
of 500-2200 Da and contain numerous non-proteinogen-
ic, a , a -d i a lky la t ed amino acids like isovaline (Iva) and 
a-aminoisobutyric acid (Aib), an acetylated N-terminus, and 
an amino alcohol, mostly phenylalaninol at the C-terminal 
end (Szekeres et al. 2005). The name peptaibol comes from 
the words peptide, Aib, and amino alcohol. The peptaibols 
produced by Trichoderma species regularly contain 18-20 
amino acid residues, and their unusal amino acid content is 
synthesized through non-ribosomal biosynthesis (Marahiel et 
al. 1997). The bioactivities of peptaibols are mainly related to 
formation of channels in lipid membranes, which are contain-
ing several hydrophobic transmembrane helices surrounding 
a central pore (Duclohier 2004; Whitmore et al. 2004). 
The first described peptaibol was reported in 1967, which 
was isolated from the ferment broth of Trichoderma viride 
(later reidentified as T. arundinaecum) and named alamethi-
cin (ALM) (Meyer and Reusser 1967; Leitgeb et al. 2007; 
Kredics et al. 2013). Based on their retention factor values in 
thin layer chromatography (TLC), ALM is composed of two 
major classes, an acidic and a neutral group distinguished by 
Glu/Glnl8 exchange and named ALM F30 (85%) and ALM 
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F50 (12%), respectively, and an additional minor component 
(ALM F20) (Kirschbaum et al. 2003; Degenkolb et al. 2007). 
Moreover, some further groups of ALM (ALM-F40, ALM-
F60 and ALM-F70) were also recognised by TLC in low 
concentrations (Melling and McMullenl975). 
In our earlier work we described a sensitive and low-
cost biological pre-screening for the detection of peptaibol 
compounds (Marik et al. 2013). The present study is deal-
ing with the establishment of a proper analytical method 
enabling the sensitive detection and identification of these 
fungal peptides. 
Materials and Methods 
Materials 
Methanol, acetonitrile for sample preparation and eluents 
were purchased from VWR (Hungary). The trifluoroacetic 
acid (TFA) and ALM standards were obtained from Sigma-
Aldrich (Hungary). Membrane-filtered, deionized water for 
HPLC runs was produced by Millipore water purification 
equipment (Merck, Hungary) with a resistivity of 18ML2. 
Reversed phase (RP) - high performance liquid chromatog-
raphy (HPLC)-UV/electrospray ionization (ESI) - mass spec-
trometric (MS) investigations were performed on an Agilent 
1100 (Palo Alto, USA) modular HPLC system coupled to a 
Varian 500 (Agilent, USA) ion trap (IT)-MS. The HPLC sys-
tem was equipped with a degasser (G1379A), a binary pump 
(G1376A), a micro-well plate autosampler (G1229A) and a 
diode array detector (G1315B). The HPLC and the MS were 
controlled by the Chemstation B.02.01 and MS Workstation 
6.6 softwares, respectively. 
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Figure 1. HPLC-UV (A) and HPLC-ESI-MS chromatogram of ALM com-
ponents. 
HPLC parameters 
The HPLC system solvent A was water with 0.05% (v/v) 
TFA, while solvent B was MeCN/MeOH 1/1 (v/v) with 0.05% 
(v/v) TFA. Separations were performed using a Phenomenex 
Gemini NX-C18 (Gen-Lab Kft., Hungary) (150 mm x 2.0 
mm, 3 pm) HPLC column with mobile phase flow rate of 
0.2 mL/min. The column temperature was maintained at 
40°C using a Jones Model 7990 Space column heater (Jones 
Chromatography, UK). The length of the connecting capillar-
ies (127 pm ID) between injector and column and column to 
MS nebulizer were mineralized by placing the column heater 
in optimal position. The gradient elution started with 65% B 
held for 5 min and increased linearly to 80% B at 45 min, 
and then to 100% B at 70 min, which was decreased to the 
initial percentage until the pressure stabilized. The injection 
volume was 5 pi. 
Ion trap mass spectrometric condit ions 
The MS examinations were made with a Varian 500MS 
Ion Trap mass spectrometer equipped with an atmospheric-
pressure ESI source in scan mode at normal scan speed. 
Positive and negative ESI Parameters were: spray chamber 
temperature, 50°C; drying gas (N,) pressure and temperature, 
30 psi and 350°C, respectively; nebulizer gas (N,) pressure, 
50 psi; needle voltage, 5704 V/-5000 V; spray shield volt-
age, 600 V/-600 V. General Parameters were: maximum 
-J 25. 
I 2' 
| 15. 
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Figure 3. Abundances of the characteristic fragments of A L M compo-
nents appearing on the HPLC-ESI-MS spectra. 
scan times, 2.78; pScans averaged, 2 pScans; data rate, 0.36 
Hz; multiplier offset, 0. Ionization Control Parameters were: 
target TIC, 100%; max ion time, 250000 psec. The full scan 
parameters were: capillary voltage, 66 V; RF loading, 147%; 
Low mass, 100 m/z\ High mass, 2000 iti/z high. 
R e s u l t s a n d D i s c u s s i o n 
Initially, in order to optimize the ESI-IT-MS, the mass spec-
trometric parameters including RF loading, capillary- and 
needle voltages were tuned in both positive and negative 
modes by continuous infusion (5 pl/min) of an ALM standard 
solution (100 ng/pl) with the built-in syringe pump of the in-
strument. Based on the reported data the purchased standard 
mainly represents definitely the neutral ALM F50 peptides 
(Kirschbaum et al. 2003), thus during the optimization, the 
1 1 0 
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Table 1. Identifications of characteristic ions (m/z) of ALM com-
ponents acquired in positive mode. 
ALM components 
5 6a 7 8b 
Rt (min) 43.7 46.2 48.5 51.1 
(M+H)* 1963 1977 1977 1991 
(M+Na)' 1985 1999 1999 Out of range 
(M+2Na)2* 1004 1011 1011 1018 
(M+Na+H)2* 993 1000 1000 1007 
(M+2H)2* 982 989 989 996 
(M-H2O)* 1945 1959 1959 1973 
b,3 1189 1189 1203 1203 
b,„ 934 934 948 948 
b8 750 750 764 764 
b„ 381 381 381 381 
b3 310 310 310 310 
V, 774 788 774 788 
following protonated/deprotonated molecular ions ((M+H)V 
(M-H)) of microheterogenity mixture of ALM components 
were monitored in positive/negative mode: m/z 1963/1961 for 
ALM F50-5, m/z 1977/1975 for ALM F50-6a/6b/7 and m/z 
1991/1989 for ALM F50-8b/8c. After the setup of ion optic 
parameters, the optimal ion source conditions such as nebu-
lizer gas- and drying gas pressures and source temperatures 
were estimated via flow injection analysis in the mobile phase 
constitution 1/1 (v/v) of eluent A/B. 
For further investigations, ALM was separated by HPLC 
on an analytical ODS column equivalent to the stationary 
phase used by Krause et al. (2006) as the general method for 
the peptaibol analysis, but other than applied by Kirschbaum 
et al. (2003) specifically for the ALM separation (Fig. 1). 
Mass spectrometric measurements of peptaibols usually 
generate molecular ions and more or less complete series of 
characteristic fragment ions (Kirschbaum et al. 2003: Krause 
et al. 2006). However, in our case, the molecular ions showed 
much lower abundance due to their easily disintegration than 
the sodium adduct form in positive mode with exception of 
ALM-F50-8b falling its correspondent m/z value out of the 
examined mass range (Fig. 2, Fig. 3), which could make 
the identification of the unknown peptaibols difficult in our 
further screening studies. With the ESI negative mode ion-
ization the (M-H) masses were visible only with moderate 
intensity. 
The most abundant ions were the y7 and b fragment ions 
resulting from cleavage of the extremely labile Aib-Pro bond 
of the 20 residue peptides at position 6-7 from the carboxyl 
terminus in positive mode. Thus, the summation of the proper 
y and b ions could serve the mass of hydrogen adduct of the 
molecular ion. It is interesting that the double charged adduct 
ions showed high intensity in the used MS instrument such 
as (M+2Na)2+ and (M+Na+H)2+ (Fig. 2, Fig. 3), which was 
not observed earlier. Relatively high were the signals of the 
b |() fragments due to the break of the Aib-Gly bond, although 
their y |0counter-fragments were not detected. At the lower m/z 
values with lower intensity, but detectable level, the series of 
shorter b fragments were recorded including b |0, b8, b4 and 
b3 ions (Fig. 2, Fig. 3). From the mass differences (Am) of 
fragment ions, the presence of the marker amino acid Aib, 
characterized by m/z 85.1 Da (Krause et al. 2006) could not be 
deduced. The fragment ions and the acquired corresponding 
masses are shown in Table 1. 
The resulting peaks were in accordance with the ALM 
components reported previously (Kirschbaum et al. 2003), 
eluted with proper resolutions (Fig. 1). Furthermore, based 
on the mass spectra acquired from certain peaks, the different 
components could be identified, some of which were denoted 
earlier only as mixture of isomers including ALM-F50-4b/5, 
ALM-F50-6a/6b and ALM-F50-8b/8c (Kirschbaum et al. 
2003). In the case of ALM-F50-4b/5 eluted at 43.7 min, the 
characteristic ions of the 4b component were not presented 
regarding to the single charged and double charged sodium 
adducts at the m/z 1971 and 998, respectively (Fig. 2A). The 
peak of ALM-F50-6a/6b at 46.2 min contains also only the 
6a component, because of the absence of m/z 930 (b|(1 frag-
ment) regarding the ALM-F50-6b (Fig. 2B). Similarly, in the 
case of ALM-F50-8b/8c at 51.1 min, only the ALM-F50-8b 
was involved due to the lack of y7 (m/z 744) and b]0 (m/z 962) 
fragments originated from the fragmentation of ALM-F50-8c 
(Fig. 2D) while the ALM-F50-8c eluted at 48.5 min show-
ing the highest peak area (Fig. 2C). There was a peak with a 
remarkable area on the UV chromatogram at approx. 35 min, 
but it was not active mass spectrometrically. 
The results achieved in this study could contribute to the 
identification of other unknown peptaibol molecules isolated 
from ferment broth of different Trichoderma species based 
on the gathered data about the MS fragmentation properties, 
which are in the scope of our further research activities. 
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ABSTRACT The inhibition of growth and aflatoxin production by essential oils (EOs) of 
cinnamon, clary sage, juniper, lemon and marjoram were investigated on food-spoilage fungi 
Aspergillus parasiticus var.globosus, Fusarium graminearum and Fusarium culmorum. The 
antifungal effect of the EOs was observed by determination of growth-rate (mm/day) and 
antifungal index (%) using reversed Petri-dish method. Aflatoxin production of A. parasiticus 
was monitored by thin layer chromatography (TLC). The growth of A. parasiticus was signifi-
cantly decreased (P<0,001) by marjoram and clary sage EOs. TLC results revealed only a slight 
effect on aflatoxin production: cinnamon and clary sage EOs found to decrease the amount of 
aflatoxin B1 and G2. F. graminearum and F. culmorum showed almost similar response to the 
EOs. In both cases cinnamon EO caused a total inhibition of growth, while lemon EO was inef-
fective. Juniper significantly (P<0,003) inhibited the growth of F. culmorum but had no effect 
on F. graminearum. The EOs tested in this study may be potential antimicrobial compounds for 
u s e a s f o o d p r e s e r v a t i v e s a n d a n t i - a f l a t o x i n a g e n t s . Acta Biol Szeged 57(2):113-116 (2013) 
K E Y W O R D S 
essential oils 
growth- inhibition 
aflatoxin 
Aspergillus 
Fusarium 
Many fungal species produce mycotoxins contaminating 
various foods and feed (Naeini et al. 2010). Among them, 
aflatoxin synthetised by several fungal species from which 
Aspergillus flavus and Aspergillus parasiticus are the most 
important ones. This toxin is produced during plant growth, 
harvest, storage, and food processing. Aflatoxin is extremely 
hazardous: it has a hepatotoxic, carcinogenic and immunosup-
pressive effect. It may also affect the epidemiology of many 
diseases and it poses serious health risks in those countries 
where the toxin content of food and feed commodities are 
not properly monitored and controlled (Williams et al. 2004). 
Fusarium culmorum, and more recently, F. graminearum are 
the most common causes of Fusarium ear blight and both of 
them produce trichothecenes and F. graminearum also pro-
duces zearalenone. Many of these mycotoxins are possible 
immunosuppressants (Hope et al. 2005). 
Global warming may strongly influence the occurrence 
and distribution of mycotoxin producing fungi . Climate 
change can lead to the increasing abundance of thermotol-
erant species (especially in extremely hot years) in regions 
with temperate climate, including Central Europe. This is 
accompanied with the appearance of their mycotoxins in ag-
ricultural products (Toth et al. 2013). From all these reasons, 
mycotoxins are in the focus of food safety concerns today. 
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There is an increasing need to find efficient and easy-to-use 
mycotoxin-reducing strategies (Naeini et al. 2010). 
Several authors demonstrated that, most of the essential 
oils extracted from aromatic plants, have antimicrobial , 
antifungal effect and/or antioxidant properties. That means 
they have also a potential to act against mycotoxin-producing 
fungi. There are some results which suggest that in an experi-
mental system the extent of inhibition of fungal growth and 
aflatoxin production depends on the concentration of essential 
oils used (Atanda et al. 2006; Sindhu et al. 2011). A great 
advantage of EOs is their bioactivity in the vapour-phase, a 
characteristic that makes them attractive as feasible fumigants 
for stored product protection (Tripati and Dubey 2004). It 
is also worth to mention that EOs proved their potential as 
antimicrobial compounds in food preservation (Nguefack et 
al. 2004). The recent study has the aim to investigate the an-
tifungal and anti-aflatoxin production activity of five essential 
oils on three mycotoxin-producing fungi, A. parasiticus, F. 
culmorum and F. graminearum. 
Materials and Methods 
Microorganisms 
Aspergillus parasiticus CBS 260.67 was obtained from the 
Centralbureau voor Schimmelcultures (CBS, Utrecht, The 
Netherlands). Fusarium graminearum NRRL 28436 and 
Fusarium culmorum NRRL 29379 were provided by the 
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Table 1. C h e m i c a l c o m p o s i t i o n ( % ) o f t h e essential oi ls tested. 
Essential oil Compound Chemical composition (%) 
Lemon limonene 83.20 
fî-pinene 9.54 
y-terpinene 5.60 
Juniper a-pinene 40.70 
(L-pinene 36.00 
o-cymene 18.90 
Marjoram terpinen-4-ol 33.58 
fterpinene 19.53 
|3-phellandrene 8.00 
Clary sage linalyl acetate 84.00 
linalool 13.60 
Cinnamon cinnamic aldehyde 93.10 
cinnamyl- acetate 2.50 
Figure 1. Average g r o w t h rate ± SD of A . parasiticus after t reatment 
wi th different EOs (20 mg). Different letters on the top of co lumns 
represent significantly different results (P<0,05). 
Table 2. A n t i f u n g a l index of t h e i n v e s t i g a t e d essential oils (20 
mg/paper disc). 
Antifungal index (%) 
Cinna- Lemon Marjo- Clary Juniper 
mon ram sage 
A. parasiticus 14,93 -3,17 76,47 28,05 -0,45 
F. graminearum 96,67 0 43,33 9,26 0 
F. culmorum 96,67 0 68,7 73,7 0 
National Center for Agricultural Utilization Research (NRRL, 
Peoria, Illinois). Potato dextrose agar (PDA, Difco) was used 
for the cultivation of Fusarium species and malt extract agar 
(0,5% malt extract. 0.5% yeast, 0,5% glucose, 2% agar) for 
A. parasiticus. 
Figure 2. Average g r o w t h rates ± SD of E culmorum after t reatment 
with different EOs (20 mg). Different letters on the t o p of columns 
represent significantly different results (P<0,05). 
Essential oils 
Five essential oils - cinnamon (Cinnamomum zeylanicum), 
clary sage (Salvia sclarea), juniper (Juniperus communis), 
lemon (Citrus lemon) and marjoram (Origanum majorana) 
- were used in the experiments. They were purchased from 
Aromax Natural Products Zrt. (Budapest, Hungary). The 
composition of the oils was determined by GC-MS (Agilent; 
GC: 6850 Series II; MS: 5975C VL MSD) using an Agilent 
19091S-433E colonna at the laboratory of Aromax. EOs 
were prepared by steam distillation of leaves or bark of the 
plants, except lemon EO; that was cold-pressed from lemon 
peel. Table 1 presents the chemical compositions of these 
essential oils. 
Antifungal activity of EOs 
To investigate the antifungal effect of the EOs reversed Petri-
dish method was used. Petri-dishes (9 cm diameter) contained 
malt extract agar (for A. parasiticus) or potato dextrose agar 
(for Fusarium species) were inoculated at the centre with a 
mycelial disc (3 mm diameter) taken from the periphery of a 
fungus colony grown for 72 h. 
Paper discs (10 mm in diameter) were fixed to the inner 
top of the Petri-dish with a drop of agar and impregnated with 
different amounts of EOs (5 mg, 20 mg or 40 mg). Control 
plates contained discs with distilled water. Plates were closed 
with parafilm and were incubated in reversed position at 25°C 
for 10 days. The colony diameter was recorded each day. 
The growth-rate was calculated by linear regression of the 
linear phase of colony growth curves. The growth of fungal 
cultures containing different concentrations of the investi-
gated EOs was compared with the control culture growing 
without any EOs (Passone et al. 2012). 
Antifungal index was calculated by the following for-
mula: 
Antifungal index (%) = (1- (D/Dc))x 100 
Dt diameter of EO treated mould colonies (mm) 
Dc diameter of control mould colonies (mm) (Shukla et 
al. 2012). 
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Figure 3. Average growth rates ±SD of F. graminearum after treatment 
with different EOs (20 mg). Different letters on the top of columns 
represent significantly different results (P<0,05). 
Determination of aflatoxin production 
Effect of the EOs on aflatoxin production was investigated 
at 5 and 40 mg/paper disk concentration of the EOs. At the 
10lh day of growth 10 round discs (12 mm diameter) were cut 
from the colony of A. parasiticus and were extracted with 10 
mL chloroform. 1 mL extract was evaporated to dryness and 
redisolved in 100 pL chloroform. 
Aflatoxin standard (B1. B2, Gl , G2) produced by Trilogy 
Analytical Laboratory (Washington MO, Missouri, USA 
((TS-108 (P86) was used in 5 pg/ml concentration. 
One pi of each sample and 20 pi of the standard were 
used to the thin-layer chromatography on silica gel F60 
aluminium sheets. The chromatogram was developed in a 
mixture of toluene-ethyl acetate-formic acid in 6:3:1 ratio. 
The bands were visualized and photographed under UV light. 
Colour intensity of bands representing aflatoxin types were 
compared visually. 
All experiments were made in three replicates per treat-
ment, except for the identification of aflatoxins which was 
carried out once. 
Statistical analysis 
Results were analysed using the Windows R-2.8 programme. 
One-way ANOVA was used to determine the differences 
between the control and treated samples. 
R e s u l t s a n d D i s c u s s i o n 
For the proper comparability of the results, fungal growth-
rates and antifungal indexes are presented using 20 mg/paper 
disk EO concentration. In most cases there were no inhibi-
tory effect at lower concentrations and no growth at higher 
concentrations. 
The growth rate of A. parasiticus compared to the un-
treated sample showed a minimal enhancement by juniper 
and lemon oil but these changes were not significant (P>0,05). 
Marjoram and clary sage decreased the growth rate sig-
nificantly (P<0,05) (Fig. 1). Marjoram EO showed the best 
growth inhibition with the antifungal index of 76.4% (Table 
2). The inhibitory effect of clary sage also differed signifi-
cantly (P<0,001) from the control sample. 
F. graminearum and F. culmorum showed almost similar 
response after treatment with the EOs (Figs. 2-3). Both of the 
controls grew very quick: the colony diameter of the control 
sample of F. graminearum has reached 90 mm (diameter of 
the Petri dish) on the 5th day and the control of F. culmorum on 
the 4th day. Lemon EO was ineffective in both cases. Juniper 
significantly (P<0,003) inhibited the growth of F. culmorum 
but had no effect on F. graminearum (Table 2). 
In cases of Fusarium strains cinnamon EO was the best 
inhibitor, a total inhibition of growth was obtained with this 
EO. Marjoram significantly inhibited the growth of F. culmo-
rum (p<0.001, antifungal index: 68.7%) and F. graminearum 
(p<0.001, antifungal index: 43.33%). Clary sage inhibited the 
growth of both Fusarium species, having an antifungal index 
of 73.7% for F. culmorum and an antifungal index of 9.26% 
for F. graminearum (Table 2). 
Results regarding aflatoxin production can be seen on 
Figure 4. Results of TLC show that mycotoxin production of 
A. parasiticus was slightly influenced by the EOs. Compared 
to the control samples there seems to be a difference in Bl , 
G1 production in the case of treatment with 5 mg cinnamon, 
and 5 mg and 40 mg of clary sage but further quantitative 
studies are needed to confirm this examination. 
This study has reported the antifungal properties of five 
essential oils tested against three food spoilage and mycotoxin 
producing fungi. Higher antifungal activity was found in the 
EOs from cinnamon, marjoram and clary sage. Cinnamon EO 
caused complete inhibition of the growth of the tested fungi. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1» 19 20 21 22 23 24 25 26 27 28 29 30 
Figure 4. Thin layer chromatography of aflatoxin production by A. parasiticus. Standard (1, 30), control samples (2, 3, 4), juniper 5 mg (5,6,7), 
juniper 40 mg (8, 9, 10), lemon 5 mg (11, 12, 13), lemon 40 mg (14, 15, 16), cinnamon 5 mg (17, 18, 19), cinnamon 40 mg (20, 21), marjoram 5 
mg (22, 23, 24), clary sage 5 mg (25, 26, 27), clary sage 40 mg (28, 29). 
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This result is similar to the findings of Soliman and Badeaa 
(2002) where the effect of cinnamon EO was tested on A. 
flavus, A. parasiticus. A. ochraceus and F. moniliforme. Many 
previous studies had verified cinnamon oil as a fungicide 
agent against a lot of fungi and showed its high fungicidal 
activity (Sinhaet al. 1993; Mukherjee and Nandi 1994). This 
activity of cinnamon EO is mainly due to its major compo-
nent, cinnamaldehyde which is a powerful fungistatic agent 
(Burt 2004; Bakkali et al. 2008). 
Further studies in connection with the mycotoxin-reduc-
ing effect of these EOs will be necessary to reveal all the 
circumstances of this process. 
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ABSTRACT Chemical pollutants occurring in rivers may have severe effects on human health 
along with being harmful to the environment. Bioaugmentation is a potential tool for the 
removal of xenobiotics from soil and water therefore the objectives of this study were the iso-
lation, identification and characterization of microbes with acetanilide- and aniline-degrading 
properties from the River Maros. Microbes isolated on minimal media containing acetanilide 
or aniline-HCI as a sole carbon and nitrogen source were considered as acetanilide- or aniline-
degraders. The decomposition of acetanilide and aniline were followed by High Pressure 
Liquid Chromatography (HPLC). An acetanilide-degrading bacterium, identified as Rhodococcus 
erythropolis, was able to convert acetanilide to aniline, which was further decomposed by the 
fungal isolate Aspergillus ustus when the two microbes were co-cultivated in a minimal medium 
containing acetanilide as a sole carbon and nitrogen source. The strains isolated in this study 
might be used in approaches addressing the biodégradation of acetanilide and aniline in the 
e n v i r o n m e n t . Acta Biol Szeged 57(2):117-120 (2013) 
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Numerous chemical pollutants frequently occurring in riv-
ers, such as heavy metals, polycyclic aromatic hydrocarbons 
(PAHs) or pesticides and their degradation products may have 
serious effects on environment and human health. Wang et 
al. (2012) observed great metal carcinogenic risk in drinking 
water sources in China, where the co-occurrence of PAHs 
with Cr represented the highest risk factor. Eleven different 
PAHs were detected in water and sediment in Mexico with 
the dominance of phenantrene. Toxicity tests revealed the 
potential harmful effect of the observed PAHs on aquatic 
organisms (Jaward et al. 2012). Liu et al. (2012) identified 
sixteen human-originated PAHs in water bodies in China. 
These examples indicate that human activities seriously affect 
water resources and contaminated drinking water represents 
a potential risk factor for human health due to the mutagenic 
and carcinogenic effect of PAHs. Numerous widely-used 
pesticides are acetanilide- and aniline-derivatives (Stamper 
and Tuovinen 1998; Sanyal and Kulshrestha 2002; Munoz et 
al. 2011; Milan et al. 2012; Sondhia 2012; Chatterjee et al. 
2013), which may affect human health seriously, including for 
instance methemoglobinemia (Kusin et al. 2012) and various 
types of cancer (Hanley et al. 2012). 
Biodégradation of xenobiotics by microorganisms rep-
resents an alternative way for the removal of chemical pol-
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lutants from surface and groundwater. Decomposition of 
phenantrene by Vibrio parahaemolyticus was reported by 
Smith et al. (2012), whereas Ellegaard-Jensen et al. (2013) 
documented the biodégradation of the phenylurea herbicide 
diuron by Mortierella sp. 
Based on the above statements, the aim of this study was 
the isolation, identification and characterization of aceta-
nilide- and aniline-degrading microbes from River Maros. 
Materials and Methods 
Materials 
For isolating acetanilide- and aniline-degrading microorgan-
isms solid minimal medium (SMM: 1 g KH,P04, 3 g Na,H-
P04 , 1 g MgS04, 20 g agarose per liter) supplemented with 
1 g acetanilide or aniline-HCI per liter as a sole carbon and 
nitrogen source, was used. The isolated acetanilide-degrading 
bacteria and fungi were examined throughout the study. 
For polymerase chain reaction (PCR), bacterial strains 
were grown in liquid yeast extract-glucose medium (YEGM: 
2 g yeast extract, 5 g glucose per liter). 
The aniline- and acetanilide-degrading ability of the 
isolates was tested following cultivation in liquid minimal 
medium (LMM: 1 g KH,PC>4, 3 g Na,HP04, 1 g MgS04 per 
liter) supplemented with 50 mg acetanilide per liter as a sole 
carbon and nitrogen source. 
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Unless specified, all chemicals used in the study were 
purchased from Sigma-Aldrich. 
Methods 
Water sampling and isolation of acetanilide- or aniline-
degrader microorganisms 
Water samples were collected at 10 different locations of 
the Romanian (Arad. Bodrog. Munar, Periam Port, Igris) 
and Hungarian parts (Nagylak, Magyarcsanád, Apátfalva, 
Makó, Deszk) of River Maros (Mures) in April, July and 
October 2012, as well as in January 2013. Fifty pi of the 
water samples were spread onto the surface of SMM and 
the plates were incubated at 25°C for 7 days. The appearing 
colonies were considered as potential acetanilide- or aniline-
degraders. These were reinforced with sub-culturing to the 
same medium. 
Degradation of acetanilide- or aniline by mixed microbial 
cultures 
Each acetanilide-degrading bacterial isolate were inoculated 
together with the aniline-degrading fungal isolate SZMC 
20913 into LMM in a final concentration of 107 bacterial cells/ 
ml and the same concentration of fungal conidia. The shaken 
(100 rpm) cultures were incubated at 25°C for 7 days. After 
the incubation period. 5 ml of each culture was centrifuged 
(3000 g, 15 min) and the supernatants were subjected to 
HPLC analysis. 
Sequence-based species identification 
For species identification, the bacterial strains were grown 
overnight in 20 ml YEGM medium at 25°C on a rotary 
shaker (100 rpm). One pi of each culture was diluted with 
50 pi distilled water and used as DNA template for the 
subsequent PCR-amplification. A fragment of the rDNA 
region was amplified by PCR using the primers Eub-8F (51-
agagtttgatCCtggctcag-3") (Baker et al. 2003) and Eub-534R 
(5V-ATTACCGCGGCTGCTGG-3V) (Muyzer et al. 1993). 
For each reaction, the mixture (50 pi) contained 5 pi lOx 
Taq Buffer with KC1 and 15 mmol/L MgCl,, 5 pi 25 mmol/L 
MgCl,, 5 pi 2 mmol/L dNTP Mix, 0.2 pf5U/pl Taq DNA 
Polymerase (Fermentas), 1-1 pi 10 pmol/L primers, 33 pi 
double distilled water and 5 pi template DNA. Amplification 
was performed in a Biometra T3 Thermocycler as follows: 1 
cycle of 94°C 2 min, 30 cycles of 94°C 30 s, 51 °C 45 s and 
68°C 1 min, and 1 cycle of 68°C 10 min. The amplicons were 
sequenced using an external service (LGC Genomics). The 
sequences were subjected to NCBI BLAST analysis (http:// 
blast.ncbi.nlm.nih.gov/). 
In the case of the fungal isolate, DNA extraction, PCR-
amplification and sequencing of the internal transcribed 
spacer (ITS) region of the ribosomal DNA was carried out 
as described previously (Kredics et al. 2009). 
Table 1. A c e t a n i l i d e - a n d a n i l i n e - d e g r a d e r m i c r o o r g a n i s m s 
i so lated in t h e study. 
Code Degraded compound Species 
(1 g/L) 
SZMCa 20918 
SZMC 21052 
SZMC 21053 
SZMC 21056 
SZMC 20913 
acetanilide 
acetanilide 
acetanilide 
acetanilide 
aniline 
Pseudomonas mendocina 
Rhodococcus erythropolis 
Rhodococcus erythropolis 
Rhodococcus erythropolis 
Aspergillus ustus 
aSZMC: Szeged Microbiological Collection (WDCM 987) 
High pressure liquid chromatography (HPLC) analysis 
The degradation of acetanilide and aniline was quantified 
by high pressure liquid chromatography (HPLC) analysis, 
using a modular HPLC system (Merck-Hitachi) includ-
ing system controller (D-7000), degasser (L-7612), HPLC 
pump (L-7100), autosampler (L-7200), and equipped with 
a reversed phase Prodigy C | s column (250 x 4.6 mm 5 pm: 
Phenomenex); a Prodigy guard (Phenomenex) with 5 pm pore 
size was also applied. 
Detection of the selected compounds was carried out by 
a diode array detector (L-7455, Merck-Hitachi) in the range 
of 220 nm to 400 nm. Fixed wavelength was set to 233 nm. 
The optimal mobile phase proved to be the mixture of water 
and methanol (55:45) at a flow rate of 1 ml/min. Ambient 
column temperature was used during the analysis and the 
injection volume was 10 pi. Aniline and acetanilide standards 
(50 mg/L) were used to determine the degradation efficiency 
of the selected isolates. The retention time of aniline and 
acetanilide were 5.63 min and 6.95 min, respectively. For 
quantification, 9-step calibration curves were used in the 
range of 2 - 500 mg/L. The concentration-signal functions 
were f(x) = -7.947* 10'1 + 8.25* 105X for aniline and f(x) 
= -4.787*10 1 + 7.232* 10 5X for acetanilide. The R : values 
proved to be 1.0000 for both aniline and acetanilide. 
Results and Discussion 
The aims of this study were the isolation, identification and 
characterization of microbes with acetanilide- and aniline-
degrading ability from the River Maros. Four bacteria and a 
single fungal strain were isolated with the ability of utilizing 
acetanilide and aniline-HCl, respectively, as sole carbon and 
nitrogen source. The isolates were deposited in the Pollutant-
Degrading Microorganism Collection (PDMC) of the SZMC 
(Szeged Microbiological Collection, University of Szeged, 
Szeged, Hungary) (Table 1). 
The bacterial isolates SZMC 20918, 21052, 21053 and 
21056, showing high acetanilide-decomposing ability, were 
identified as Pseudomonas mendocina and Rhodococcus 
erythropolis (1 and 3 strains, respectively), while the aniline-
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Figure 1. Concentrations of acetanilide and aniline (mg/L) in the culture 
supernatants of the consortia of acetanilide- (Pseudomonas mendocina 
SZMC 20918, Rhodococcus erythropolis SZMC 21052, 21053 and 21056) 
a n d ani l ine-degrading (Aspergil lus ustus SZMC 20913) isolates. The 
initial acetani l ide concentration was 50 mg/L. 
degrader fungus SZMC 20913 proved to be Aspergillus 
ustus (Table 1). The degradation of aniline-derivatives has 
been examined by numerous authors. The decomposition of 
alachlor by a bacterial consortium was reported by Dehghani 
et al. (2013), whereas Sanyal and Kulshrestha (2002) docu-
mented the degradation of metolachlor by a mixed fungal 
culture. Munoz et al. (2011) published the degradation of 
both compounds by Candidaxestobii, whereas in the study of 
Ellegaard-Jensen et al. (2013) a diuron-degrading strain was 
identified as Mortierella sp. These data suggest that the abil-
ity to degrade PAHs is present in a wide taxonomical range 
of microscopic fungi. Among acetanilide degrading bacteria, 
Bacillus cereus and B. thuringiensis showed the highest 
alachlor, propachlor and metolachlor degrading potential in 
previosu studies (Wang et al. 2008). The biodégradation of 
2-chloro-4 nitroaniline by Rhodococcus sp. was examined by 
Khan et al. (2013), while Liu et al. (2013) documented the 
decomposition of the mixture of nitrobenzene and aniline by 
a consortium of cold tolerant microbes. 
Degradation of acetanilide and aniline was examined by 
HPLC. When the isolated bacteria were grown in the pres-
ence of 50 mg/L acetanilide as the sole carbon and nitrogen 
source, no acetanilide could be detected in the samples by 
HPLC, indicating that the entire amount was degraded dur-
ing the incubation period. The A. ustus strain with aniline-
degrading ability was able to reduce the concentration of 
aniline in the culture medium from the initial 50 mg/L to 
24.3 mg/L during the 7-day period examined. Combinations 
of the isolated acetanilide- and aniline-degrading microbial 
strains were cultivated in the presence of acetanilide as a 
sole carbon and nitrogen source. Substantial inhibition of the 
acetanilide-degrading potential of P. mendocina SZMC 20918 
by A. ustus SZMC 20913 was observed, while a synergistic 
effect was detected between A. ustus SZMC 20913 and the R. 
erythropolis isolates tested (Fig. 1), resulting in the complete 
conversion of acetanilide to aniline and the further degrada-
tion of the latter compound. 
The microbial strains isolated in this study are expected 
to provide a good basis for future approaches addressing the 
hioaugmentation of acetanilide, aniline and their derivatives 
in environmental samples. 
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ABSTRACT Ipomoea carnea (/. carnea) has unique biological features for the study of cellular 
and molecular adaptation mechanisms due to presence of diverse alkaloid and its cadmium 
tolerance capacity. The present study was directed to quantify total SOD content in different 
organs of the plant and further extended to relative quantification of cytosolic CuZn-SOD, Fe-
SOD and Mn-SOD mRNA. A modified method of total RNA isolation from the plant I. carnea 
which is rich in alkaloids has been described. Total SOD content of apical and lateral bud was 
highest, but transcript abundance of cytosolic CuZn-SOD was much lower as compared to root 
and leaves. In these cases Mn- and Fe-SOD mRNA was relatively higher and perhaps that was 
contributing to the high SOD activity. However, less photosynthetically active organs like root 
and petal show less SOD activity but mRNA level of cytosolic CuZn-SOD was competitive in these 
cases. The results showed that SODs in different compartments are differently regulated and 
each SOD isoenzyme must be performing specific function related to its cellular localization and 
expression of the protein isoforms depend upon local accumulation of superoxide. 
Acta Biol Szeged 57(2):121-129 (2013) 
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superoxide dismutase 
Superoxide dismutase (SOD, EC 1.15.1.1) in plant, a key 
enzyme in reactive oxygen metabolism, catalyzes the dismu-
tation of O, forming molecular oxygen and H.O , (Fridovich 
1975; Bannister et al. 1987). The H , 0 , thus produced is 
quickly scavenged by catalase and peroxidase group of en-
zymes present in the plant cell (Murai and Murai 1996). The 
individual member of protein in this group is characterized on 
the basis of the metal ion cofactor they harbour, and as such 
four different classes like CuZn-SOD, Mn-, Fe-, and Ni- have 
been reported to date. In higher plants, distinct immunologi-
cally distinguishable CuZn-SODs remain distributed in cy-
tosol, chloroplasts, peroxisomes, and in extracellular space. 
Mn-SOD is housed in mitochondria. Further, the distribution 
of cuprozinc and mangano SOD in mitochondria is restricted 
respectively to inter-membrane space and the mitochondrial 
matrix (Salin and Bridges 1981). The chloroplast, which is 
devoid of mangano SOD (Salin and Bridges 1981), harbours 
Fe-SOD in addition to cuprozinc SOD. Ni-SOD has not 
been reported from plants (Alscher et al. 2002). Based on 
the criteria of amino acid sequence, spectral characteristics, 
and three dimensional fold, CuZn-SODs are believed to be 
evolutionary distinct from Mn and Fe containing SODs (Perry 
et al. 2010). 
Accepted April 1, 2014 
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Exposure to photo-inhibitory light condition, ozone fumi-
gation, ultraviolate-B radiation or other environmental biotic 
and abiotic stresses, including metal toxicity impose oxidative 
stress with steady formation of O , " in plants (Kliebenstein 
et al. 1998). Nevertheless, expression of different iso-forms 
SOD can also vary in different tissues depending on the local 
accumulation of 0 2 The existence of three different iso-
forms of SOD (CuZn, Mn, and Fe), each of which is typically 
encoded by small but distinct gene family, further complicate 
the situation as regard to their specific role in view of tissue 
localization (Alscher et al. 2002), and more importantly the 
specificity of metabolic activity endowed by the tissue. 
To date, the protective role of SOD in plants has been 
explored mainly by transgenic approaches, primarily through 
over-expression or by correlation of SOD expression in dif-
ferent stress condition (Gupta et al. 1993). However, the fac-
tors which controls the expression of particular iso-forms of 
SOD in specific tissues along with its metabolic specificity 
is still an enigma. 
Ipomoea carnea (morning glory), subsp .fistulosa (Jacq.) 
is a toxic weed found abundantly in many tropical countries 
including India. Presence of various nortropane groups of 
alkaloids in different organ of plants are identified as po-
tent toxic compound (Ikeda et al. 2003; Hueza et al. 2007). 
Recently, the plant has also gained much attention due to 
its suitability in phyto-extraction of cadmium (Cd) from 
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Tablel. Oligonucleotide primers used for RT-PCR and Real time PCR analysis. 'F' and 'R' stands respectively for forward and reverse 
primers used in the experiments. Full length accession number of the corresponding genes has been mentioned in the table. 
Name of the oligo Accession No. Sequence (5' to 3') Amplicon length (bp) 
18sF 
18sR 
AK059783 GACTACGTCCCTGCCCTTTGTACAC 
AGGTTCAATGGACTTCTCGCGACGTC 
128 60°C 
Cyt CuZn SOD F 
Cyt CuZn SOD R 
Fe SOD F 
Fe SOD R 
JQ906095 
M55910.1 
CGGGCCTTCAAACCTGGTCTT 
CATGAACAACAACAGCTCTTCC 
GCTGCGGCAACACAATTTGGCTCTGG 
AAGTCCAGATAGTAAGCATGCTCCCA 
254 
157 
60°C 
61°C 
Mn SOD F 
Mn SOD R 
JF509743.1 GTACAAGGTTCTGGCTGGGTGTGGCTG 
ACTTCACATGCATATTTCCAGTTCACA 
186 61°C 
soil (Ghosh and Singh 2005). The excess of Cd in plant tis-
sue can stimulate the formation of reactive oxygen species 
(ROS), disturbs the cellular redox balance, suppresses cell 
expansion, and leads to significant accumulation of H , O r 
which causes hardening of the cell wall and also activate the 
formation of phytochelatins and metallothioneins (Metwally 
et al. 2003; Gill et al. 2013). These cellular events can lead to 
reprogramming of the antioxidants system in plants, in order 
to cope with the oxidative stress caused due to the heavy 
metal toxicity. It is also believed that, SOD plays a dual role 
in preventing metal toxicity by cleaning the 0 2 ~ radical and 
preventing the accumulation of free metal (Okamoto and 
Colepicolo 1998). 
Although, SOD has been extensively studied for their role 
in stress tolerance, development and morphogenesis, organ 
and tissue specific expression of the different iso-form is 
lacking in the literature. The objective of the present report 
is to evaluate the organ specific activity of SOD in a cad-
mium tolerant plant; Ipomoea carnea (Learned) and further 
extended to mRNA quantification of Fe, Mn and cytosolic 
CuZn-SODs. The study also describes a modified method 
for isolation of high quality total RNA from the plant rich in 
alkaloids and phenolics. 
M a t e r i a l s a n d M e t h o d s 
Plant material and reagents 
Plant material I. carnea was collected from the Institute of 
Life Sciences campus, Bhubaneswar, India and washed thor-
oughly with distilled water before use in the experiments. 
Unless mentioned, all analytical grade reagents were pro-
cured from Sigma. Taq DNA polymerase was obtained from 
Promega while AffinityScript QPCR cDNA synthesis Kit 
was from Stratagene. For real time PCR QuantiTect SYBR 
Green PCR kit from Qiagen was used. All the oligonucle-
otide primers used in this study were obtained from Ocimum 
Biosolution, India. 
Preparation of crude extract 
Crude extract from different organs of mature /. carnea plant 
(200 mg) at flowering stage were prepared by homogenizing 
in liquid nitrogen and then suspended in 1 ml of ice cold 
50 mM K-PO, buffer (pH 7.8) containing 0.1 mM Phenyl-
methanesulfonyl fluoride (PMSF), 8% (w/v) polyvinylpoly-
pyrrolidone (PVPP) and protease inhibitor cocktail (Roche). 
The homogenate was then centrifuged at 15,000 x g for 30 
min at 4°C and the supernatant was used for SOD activity 
assay. The protein concentration was measured following 
modified Bradford assay (Zor and Selinger 1996). 
SOD activity assay 
Spectrophotometric assay of SOD activity was carried out 
by following (Beauchamp and Fridovich 1971). Assay were 
performed in a reaction mixture containing 50 mM potassium 
phosphate buffer (pH 7.8), 1.33 mM Diethylenetriamine pen-
taacetic acid (DTPA), and 2.45 mM Nitro blue tetrazolium 
salt (NBT), 1.8 mM xanthine and a suitable concentration 
of xanthine oxidase (till a linear curve with a slope of 0.025 
absorbance per min in time scan was obtained). One unit of 
SOD activity was defined as the amount of protein which 
produced one half of the maximum competition against NBT 
in the specified system. The final activity was recorded after 
deducting out the non-specific SOD like activity produced 
by many low molecular compounds (Yamahara et al. 1999; 
Sharma et al. 2004). This was achieved by measuring the 
activity in samples following heat inactivation of protein 
(95°C for 20 min). 
All assays were done using three different crude extract 
preparations and five different concentrations of proteins were 
used and data are the means of three replicates. 
RT- PCR primer des ign 
The sequences of the primer used in this study are given 
in Table 1. Rice 18S rRNA (AK059783) was used as the 
1 2 2 
Analysis of superoxide dismutase gene expression 
housekeeping genes as an internal control. In order to am-
plify shorter fragment of I. carnea SODs, internal primers 
were designed on the basis of homology based nucleotide 
sequence alignment (Fig. 1-Cytosolic CuZn-SOD, Fig. 2-
Fe-SOD and Fig. 3-Mn-SOD) using ClustalX (Larkin et al. 
2007) taking selected plant species for each class of SODs 
and degenerate primer pairs (Table 1) were designed from the 
most conserved sequence (shaded with yellow region, Fig. 1, 
2 and 3). Annealing temperature of all the primers was kept 
constant at - 60°C. 
Isolation of total RNA and cDNA preparation 
Isolation of total RNA from different organs of I. carnea 
was carried with some modifications from the protocol 
described by Natalia et al.,(Kolosova et al. 2004). Prior to 
isolation of RNA, all the plant material were kept in 0.1% 
Diethyl pyrocarbonate (DEPC)-treated water for 30-60 min. 
Since the plant is rich in phenolic and alkaloid compounds, 
concentration of PVPP was increased to 8% (w/v) in the 
extraction buffer [200 mM Tris-HCl, pH 8.5, 1.5% lithium 
dodecylsulfate, 300 mM LiCl, 10 mM disodium salt EDTA, 
1% (w/v) sodium deoxycholate, 1% (w/v), Nonidet P-40 
(NP-40)]. 5 mM thiourea, 1 mM aurintricarboxylic acid, 10 
mM dithiothreitol, and 2% (w/v) PVPP were added to the 
extraction buffer just before use. 
Plant tissue (1 g) was grounded to fine powder in liquid 
nitrogen using a mortar and pestle and the powder was 
transferred to a 50-mL polypropylene tube. 20ml of extrac-
tion buffer per gram tissue was added and vigorously shaken 
to uniformly suspend the sample. The suspension was then 
frozen at -80°C for 1 h and the extracts were centrifuged at 
5000xg for 30 min at 4°C. One-thirtieth volume of 3.3 M 
sodium acetate (pH 6.1) and 0.1 volume 100% ethanol were 
added to the supernatant, and the mixture was chilled on ice 
for 10 min to precipitate polysaccharides. Polysaccharides 
were pelleted by centrifugation at 5000xg for 30 min at 4°C. 
In order to precipitate nucleic acids, one-tenth volume of 
3.3 M sodium acetate and 0.6 volume of ice-cold isopro-
panol were added to the supernatant, and the solution was 
left at -80°C for 1 h. Nucleic acid pellets were collected by 
centrifugation for 45 min at 5000xg at 4°C. The supernatant 
was removed, and the pellet was resuspended in 2 mL of TE 
((10 mM Tris-HCl, pH 8.0, 1 Mm Ethylenediaminetetraacetic 
acid (EDTA)) and 2 mL 5 M NaCl and kept on ice for 30 min 
with periodic vortex mixing. The samples were mixed with 
4 mL of 10% Cetyltrimethylammonium bromide (CTAB) at 
room temperature, vortex mixed, and incubated for 5 min 
at 65°C to remove residual polysaccharides. Mixtures were 
then extracted twice with an equal volume of chloroform/ 
isoamylalcohol (24:1, v/v). One-fourth volume of 5 M LiCl 
was added to the supernatant, mixed, and kept at 4°C over-
night. RNA was pelleted by centrifugation at 5000xg for 30 
min at 4°C. The supernatant was poured off, and the residual 
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Oryza 
Malus 
Ar achis 
Brassica 
Ipomoea 
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O r y z a 
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Arachis 
Brassica 
Ipomoea 
Populus 
Oryza 
Malus 
Arachis 
Brassica 
Ipomoea 
Populus 
Oryza 
Malus 
Arachis 
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Ipomoea 
Populus 
Oryza 
Malus 
Arachis 
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Ipomoea 
Populus 
Oryza 
Malus 
Arachis 
Brassica 
Ipomoea 
Populus 
Oryza 
Malus 
Arachis 
Brassica 
Ipomoea 
Populus 
Oryza 
Malus 
Arachis 
Brassica 
ATGGTGAAGGCTGTCGCAGTTCTTAGCAGTAGTGAAGGTGTCAGCGGCACCATTTTCTTC 60 
ATGGTGAAGGCTGTAGCTGTTCTTAATAGCAGTGAAGGTGTGAGTGGCACCATCTTCTTT 60 
ATGGTGAAGGCTGTTGTTGTGCTTGGTAGCAGTGAGATTGTTAAGGGCACTATCCACTTT 6 0 
ATGGTGAAGGGTGTTGCTGTTCTCGGCTCCAGTGAGGGCGTTAAAGGAACCATCAGCTTT 60 
GTCCAAGAGGGAGATGGTCCCACCACTGTGACTGGAAGTGTCTCTGGCCTCAAGCCTGGT 120 
GTCCAGGAGGGAGATGGCCCAACTACTGTGACTGGAAGTGTCTCTGGCCTCAAGCCTGGA 120 
AGGAAGGAAATGGTCCAACCACTGTGACTGGAAATCTTGCTGGCCTTAAGCCTGGT 56 
CTTCATGGCTTCCATGTCCATGCCCTAGGTGACACAACAAATGGATGCATGTCTACTGGA 180 
CTTCATGGCTTCCACGTCCATGCCCTTAGAGACACCACAAATGGCTGCATGTCAACTGGG 180 
CTCCATGGGTTCCATATTCATGCACTTGGTGACACCACCAATGGTTGCATCTCAACTGGG 180 
CTTCATGGTTTCCATGTCCATGCTCTTGGAGACACAACAAACGGTTGCATGTCAACTGGG 180 
CTTCATGGGTTCCATGTCCATGCCCTTGGAGACACCACAAATGGTTGCCTGTCAACTGGA 116 
CTACATGGTTTCCATGTCCATGCTCTTGGTGACACCACTAACGGTTGCATGTCCACCGGT 180 
CCACATTTCAATCCTGCTGGAAAGGAGCATGGAGCTCCTGGAGACGATAACCGCCATGCC 240 
CCGCATTTTAATCCTGTAGGCAAGGAGCATGGTGCCCCTGAGGATGAGAATCGTCATGCT 240 
CCACACTACAATCCTGCCGGAAAGGAGCATGGAGCACCAGAAGATGAGACCCGCCATGCT 240 
CCACACTTCAATCCTGCTGGAAAAGAGCATGGTGCCCCTGAAGATGAGCTTCGCCATGCT 240 
CCGCATTTCAATCCTAACAACAAGGAGCATGGTGCCCCTGAAGATGAGAACCGCCATGCT 176 
CCACATTTCAACCCTGATGGTAAACAACACGGTGCCCCTGAGGATGCTAATCGTCATGCT 240 
GGTGATCTTGGAAACATCACGGTTGGAGAAGATGGTACTGCTT-CATTCACCATCACTGA 299 
GGTGATCTGGGAAATGTCACTGTTGGTGATGATGGCACTGCTA - CTTTCACAATCATTGA 299 
GGTGATCTTGGAAATGTCACCGCTGGAGAAGATGGTGTTGCTAATATCCATG-TTGTTGA 299 
GGCGATCTTGGAAACATCACTGCTGGGGACGATGGAACTGC-AACCTTCACGATTGTTGA 299 
GGTGATTTAGGAAATGTTAATGTTGGAGATGATGGAACTGTTAGC - TTCTCCATTTCCGA 235 
GGCGATCTAGGAAACATCATTGTTGGAGATGATGGAACTGCCA-CCTTCACAATCACTGA 299 
CAAGCAGATTCCGCTTACTGGAGCAAATTCTGTTATTGGAAGAGCTGTTGTTGTTCATGG 
CAAACAGATTCCTCTTACTGGACCACATTCCATTATTGGAAGGGCTGTTGTTGTTCATGG 
CAGTCAGATTCCACTTACTGGACCAAATTCAATCATTGGCAGAGCCGTCGTTGTGCATGC 
CAAGCAGATTCCTCTCGCTGGACCACACTCTATCATTGGTAGGGCGGTTGTTGTCCACGC 
CAGTCAGATCCCTCTTAGTGGGCCAAACTCCATTGTTGGAAGGGCTGTTGTTGTCCATGC 
CTGCCAGATTCCTCTTAGTGGACCAAACTCTATTGTCGGAAGGGCTGTTGTTGTCCACGC 
359 
359 
359 
359 
295 
359 
TGATCCCGATGATCTTGGTAAAGGTGGCCATGAGCTCAGCAAAAGCACTGGAAATGCTGG 419 
AGATCCTGATGATCTTGGCAAGGGAGGACATGAACTCAGCAAAACCACCGGTAATGCTGG 419 
CGATCCTGATGATCTTGGAAAGGGTGGGCACGAGCTGAGCAAGACCACCGGAAACGCTGG 419 
AGACCCTGATGACCTTGGCAAGGGTGGACATGAGCTTAGCAAATCCACAGGAAATGCTGG 419 
TGATCCTGATGATCTTGGGAAAGGTGGGCATGAGCTTAGCAAATCCACTGGAAATGCTGG 355 
AGACCCTGATGACCTCNGAAAGGGAGGCCATGAACTCAGCTTGGCTACCGGAAATGCANG 419 
CGGGAGGGTTGCCTGCGGTATCATTGGCCTGCAGGGTTAA 
CGGCAGAGTAGCATGCGGTATTATTGGTCTGCAAGGTTGA 
TGGCCGTGTTGCTTGCGGGATCATCGGACTTCAAGGCTGA 
TGGCAGGGTGGCTTGCGGTATTATTGGTCTGCAAGGATGA 
TGGCAGAGTAGCTTGTGGGATTATTGGTTTGCAAGGCTAG 
TGGCCGTGTTGCTTGTGGCATTATTGGTCTTCANGGCTAA 
459 
459 
459 
459 
395 
459 
Figure 1. Nucleotide sequence alignment of the cytosolic CuZn-SOD 
gene from different species using Clustal W. Representative plant spe-
cies are Ipomoea batatas (JQ906095), Populussuaveolens (DQ481231), 
Brassica juncea (AF540558), Oryza sativa (L36320), Arachis hypogaea 
(DQ499511) and Malus xiaojinensis (AY646367). Degenerate primers 
(Table 1) for real time PCR were designed from sequences shaded in 
yellow. 
liquid was carefully removed with a pipet. The RNA pellet 
was dissolved in 1 mL TE buffer and 0.9 volume of chilled 
isopropanol and 0.1 volume of 3.3 M sodium acetate were 
added, followed by precipitation at -80°C for 1 h RNA pel-
lets were collected by centrifugation in a microcentrifuge at 
16,000xg at 4°C for 30 min, washed twice with 200 pi of 70% 
ethanol, and collected by centrifugation at 16,000xg at 4°C 
for 20 min. Pellets were dried at room temperature, and RNA 
was resuspended in 200 pi of autoclaved DEPC-treated water. 
The quality and quantity of the isolated RNA were verified 
by 1% formaldehyde denaturing agarose gel electrophoresis 
and spectrophotometry. 
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CLUSTAL 2.1 Bultiplc sequence alignment Fe-SOD 
Arabidopsis 
Brassica 
Jatropha 
Glycine 
plumbaginifolia 
Arabidopsis 
Brassica 
Jatropha 
Glycine 
plumbaginifolia 
-CAAAAGAGAAAT- --GGCTGC 18 
120 
-TATCAAAGAGGGTC-
Arabidopsis 
Jatropha 
Glycine 
plumbaginifolia 
Arabidopsis 
Brassica 
Jatropha 
Glycine 
plumbaginifolia 
CAAAGTAGTGAAAACTCCCAATGCTGTGAATCCCCTTGTGCTCGG - - - CTCTTTCCCATT 468 
CAAAGTAATGAAAACTCCAAATGCTGTGAATCCCCTTGTGCTTGG- --TTCTTTTCCATT 504 
TGTTGTGGTGAAGAGTCCCAATGCTGTAAACCCACTTGTTTGGGA TTACTCTCCACT 657 
AGTGGTGCTCAAGAGTCCCAATGCTGTGAACCCCCTTGTTTGGGGAGGTTACTACCCACT 54 9 
TGCCTTGGTGAAAACTCCCAACGCTGAAAATCCTCTTGTTTTGGG TTACACACCGCT 405 
GCTTACCATTGATGTCTGGGAGCATGCTTACTACCTTGACTTCCAGAACCGAAGACCAGA 52 8 
GCTTACCATTGATTTTTGGGAGCACGCTTACTACCTCGACTTCCAGAACCGCAGACCGGA 564 
CCTTACTATTGATGTCTGGGAGCATGCTTACTACCTTGACTTTCAGAATCGACGGCCTGA 717 
CCTCACCATAGACGTTTGGGAGCATGCTTACTATCTGGACTTTCAGAACCGGCGGCCTGA 465 
Arabidopsis 
Brassica 
Jatropha 
plumbaginifolia 
AAACTACGTCCTCAAGCCACCTCCATTCGCACTGGATGCTTT 42 
TTCAGCTGCTGTAACCGCAAACTACGTCCTTAAGCCACCTCCATACCCTCTGGATGCTTT 78 
TCCTGCTATAGTAACTGCAAAATTTGAGCTGAAACCTCCTCCATATCCCCTGAATGCATT 180 
CAAAAGTCAATGCAAAGTTCGAGCTGAAGCCGCCACCATATCCACTGAATGGTTT 6 9 
Arabidopsis 
Brassica 
Jatropha 
plumbaginifolia 
TTACATAAAGACATTCATGACCAATCTTGTGTCTTGGGAAGCTGTAAGTGCCAGACTTGA 588 
TTACATAAAGACATTCATGAACAATCTTGTGTCTTGGGAGGCTGTTAGTTCCAGACTTGA 624 
TTATATATCAACCTTTATAGAGAAGCTTGTATCATGGGAAGCAGTTAGTGCAAGGTTGGA 777 
TTATATATCAGTGTTCATGGATAAGCTTGTTTCCTGGGATGCAGTGAGCTCTAGACTTGA 669 
CTACATATCTATCTTTATGGAGAAGCTCGTGTCGTGGGAAGCAGTCAGTTCTAGGCTTAA 525 
Arabidopsis 
Brassica 
Jatropha 
plumbaginifolia 
Arabidopsis 
Jatropha 
Glycine 
plumbaginifolia 
GGAGCCGCATATGAGCAAACÀAACTCTGGAGTTTCACTGGGGAAAACATCACAGAGCTTA 138 
TGTGGACAACCTCAAGAAACAGGTTCTTGGATCCGAGCTTGAAGGCAAGCCCTTGGAGCA 198 
TGTGGATAACTTGAACAAGCAAATTGTAGGAACAGAACTAGATAGCTTGCCGCTAGAAGA 300 
TGTGGAAAATCTGAAAAAACAAGTTGTTGGGACAGAGCTTGATGGGAAGTCACTAGAAGA 189 
TGTCGACAATTTAAACAAGCAAATAGACGGAACAGAACTAGATGGAAAGACACTAGAAGA 9 3 
Arabidopsis 
Brassica 
Jatropha 
Glycine 
plumbaginifolia 
Arabidopsis 
Jatropha 
Glycine 
plumbaginifolia 
GGCCGCCAAGGCT GCTTCTGCTTAAG CAAAT- - -TTCTGAACAA--T 630 
GGCTGCCAAAGCT GCTTCTTCCTGAGTCATCATCAGATATATTCGGACCAAAAT 678 
AGCTGCAAAGACT AAAGCTGCA-GAGAGAGAAAAAGAAGAAGAGAGGAGGAAAA 830 
ACAAGCTAAGGCTTTAATTACCAGTGCATGATGCTGAATTAAATGCAGAATAAGTGATTT 729 
AGCAGCAACAGCTTGA GCTGCTTAGCGAG- - AAGACAGAAAGGAGGAAGAGGCAAAT 580 
TTGACTTCAGTGACAGTGAGT TCT GCATCA- -CCGAA- -GTCTCTTAAT 675 
CTGACTTCAGTTGT-GTATAT TAT GCATTA- -CTGAA- -GTTTCTTAAT 722 
GGGAGGAAGAGGAGAGTGTGC CAG GCAGC GAA--GCTGCAGAGT 872 
ATCCTGATAGTGATGATGAAT TGGATGGCGTCATGCGGAATAGTGAATTATT 781 
CTAGCAGGCACGAGAGTAAATATTTGAGACAGAATGATTTTTGTTAAAGAGACACTATTT 640 
Arabidopsis 
Brassica 
Jatropha 
Glycine 
plumbaginifolia 
CATTATCCACAGCACTTACAACAATGGTGATCTCCTCCCTGCTTTCAACAACGCTGCTCA 222 
TATCATCCAAAACACTTACAACAACGGCGACCTACTCCCTGCTTTCAACAACGCTGCTCA 258 
TGTTGTAATTGTTACTTACAATAAAGGTGATGTTCTTCCAGCTTTCAACAATGCTGCGCA 360 
GATTATTGTCACATCATACAATAAGGGTGACATTCTTCCAGCTTTCAACAATGCAGCACA 249 
CATAATACTTGTTACGTATAACAAAGGTGCTCCCCTCCCAGCATTCAACAATGCTGCTCA 153 
Arabidopsis 
Jatropha 
Glycine 
plumbaginifolii 
AAAATATTGGTCGCTGT AAT -AAGGACAC AGCTCTCT TGTTG 716 
AAAATATTGGTCGCGGT TAT - AAGGACAC TGCTCTCT TGTTG 763 
TGTATGTGGATAGTGAA AGT - GAAGATTC TGAGGCCG AGTAA 913 
TTTATCTAGAAAGTGTA AGC-AGGCACATCTTTTGTACTTTAAATAGGTGTTG 833 
TCAATCCTGCTATCCTTCTTTCTCAGTTGAGAATTT TAGATGTCT TATTA 690 
Arabidopsis 
Jatropha 
Glycine 
plumbaginifolia 
GGCGTGGAACCACGAGTTCTTCTGGGAGTCAATGAAACCAGGTGGTGGAGGAAAACCATC 282 
GGCATGGAACCACGAGTTCTTCTGGGAATCAATGAAACCAGGTGGTGGTGGAAAACCATC 318 
GGTATGGAACCATGACTTCTTCTGGGAGTGCATGAAACCAGGTGGAGGTGGAAAGCCATC 309 
GGCCTGGAATCATCAGTTTTTCTGGGAATCAATGAAGCCCAACGGAGGAGGAGAGCCATC 213 
Arabidopsis 
Brassica 
Jatropha 
Glycine 
plumbaginifolia 
TGT ATGTGTCACAGAGTT CTTCAT TTT GCTTG 748 
TA ATGTCTCATCGAGTC TTTCAT CT GTTTC 793 
CTG GGGACT ATT TTTCAG TTA GTCAA 939 
TGGTATCAGGGCT -AAATCTCAGATTATTATGTTCTATGGTTAGAAATCTTA GTTAT 889 
TGTGCACTTTACTAGAGAGTCAAGTGATG CTCTGTA TTTGGAGGATAG 738 
Arabidopsis 
Brassica 
Jatropha 
Glycine 
plumbagini fol ii 
AGGAGAGCTTCTTGCTTTGCTTGAAAGAGATTTCACTTCTTATGAGAAGTTCTATGAAGA 342 
AGGAGAGCTTCTTGCTCTGCTTGAAAGAGATTTCACTTCTTATGAGAAGTTTTATGATGA 378 
AGGAGAGCTTCTGCAATTAATTGAAAGAGACTTTGGTTCCTTTAAAAAATTTGTGGAAGA 480 
CGGGGAGCTTCTAGAACTGATTGAAAGAGACTTTGGTTCATTTGTAAAATTCCTTGATGA 369 
TGGTGAATTACTAGAACTAATCAACAGAGACTTTGGTTCCTATGATGCATTTGTTAAAGA 273 
Arabidopsis 
Jatropha 
plumbaginifolia 
TGTAATGAACAATTAAACATGCTCTTTTC-TGAGTGTGTGTGCGTTTTGTGTGTGTCAAA 807 
T TGTTT AC - TGAG ATTTT AA 812 
GGT TCTGT AT - TACG AA 955 
GGT TCTCTTTGTGTGACAATGTGAACAATA AGA 922 
TGTTAT TTCTGTTCTTTAGCAGCTGTTAATGGCA GGGAAAAA 780 
Arabidopsis 
Brassica 
Jatropha 
Glycine 
plumbagini foli » 
GTTCAATGCTGCTGCAGCCACTCAGTTTGGAGCTGGCTGGGCCTGGCTTGCTTAT TC 399 
GTTCAATGCTGCTGCTGCCACTCAATTCGGAGCTGGCTGGGCCTGGCTTGCTTAC GC 435 
ATTTAGGTCAGCTGCAGCTACACAGTTTGGATCTGGATGGGCTTGGCTTGCATATAAAGC 540 
GTTCAAGGCTGCTGCTGCAACACAATTTGGTTCAGGGTGGGCTTGGCTAGCATATAGAGC 42 9 
ATTTAAGGCAGCTGCGGCAACACAATTTGGCTCTGGTTGGGCCTGGCTCGCATACAAACC 333 
Arabidopsis 
Brassica 
Jatropha 
Glycine 
plumbaginifolia 
TTTTTCAT-C GTCTCCTTTATTAA ACTCAAATTGGCA C 844 
TCAT-C GTG TAATAA A GAACTACCA T 837 
CAC-C CTC TGTTGA ACT GTGAACG C 979 
TTGCTTATGC ATGAA TAATCA AC - - AAAAT AAT A C 955 
TAATTCAAGTTGAGGTGTGGGACAACAATGTAAGGACGTGAATAAACAAATCTATTGCAC 840 
Arabidopsis 
Brassica 
Jatropha 
Glycine 
plumbaginifolia 
AAATG AAAAACT 411 
AGATA ACAAACT 447 
AAATAGGCTCAATGTCGAAAATGCAGTAAATCCTCGCCCGTCAGAAGAGGACAAAAAGCT 600 
AAGAAAATTTGATGGGGAAAATGTAGCAAATCCTCCTTCACCCGATGAGGACAACAAGCT 489 
TGAAGAG AAAAAGCT 348 
Arabidopsis 
Brassica 
Jatropha 
Glycine 
plumbaginifolit 
C 845 
T 980 
TATGGTGTAGAGCCTTTTCATATAA 980 
TTTGGTGCCCTAATTTTAGAATTAGAATG 869 
Figure 2. Nucleotide sequence alignment of the Fe-SOD gene from different species using Clustal W. Representative plant species are Arabi-
dopsis thaliana (M55910.1), Glycine max (AAA33960.1), Jatropha curcas (JF509742.1), Brassica oleracea (JF720320.1), Nicotiana plumbaginifolia 
(M55909.1). Degenerate primers (Table 1) for real time PCR were designed from sequences shaded in yellow. 
First-strand cDNA from 200 ng of total RNA was synthe-
sized using AffinityScript QPCR cDNA Synthesis Kit follow-
ing manufacturer's instruction using equimolar (10 pmole) 
concentration of oligo(dt) and random primer. In order to 
assess the integrity of cDNA prepared, Reverse transcription-
polyrnerase chain reaction (RT-PCR) analysis was performed 
taking 18s and SOD primers (Table 1 ). 
Real-Time PCR analysis 
Real-Time PCR reactions were performed in using Quanti-
Tect SYBR Green PCR to detect dsDNA synthesis. Reac-
tions were done according to kit instruction in 25 pi volumes 
containing 10 pmole of each primer and 50 ng of starting 
RNA. Three replications were done for each gene analysis of 
Real-time PCR. Dissociation curves for each amplicon were 
1 2 4 
then analyzed to verify the specificity of each amplification 
reaction. 
Relative gene expression data were analyzed using real-
time quantitative PCR by 2_AACr method (Livak and Schmit-
tgen 2001). Expression levels (fold change) were determined 
as the number of amplification cycles needed to reach a fixed 
threshold in the exponential phase of the PCR reaction (CT). 
To assess the sensitivity and amplification efficiencies of the 
method three different template dilutions were checked. The 
amount of target were normalized to the housekeeping refer-
ence (18s rRNA) and used for 2-AACT calculation. 
For relative quantification, expression of all the SOD 
isoform in root was taken as unity for fold change calcula-
tions. 
Analysis of superoxide dismutase gene expression 
CLUSTAL 2.1 multiple sequence alignment Mn-SOD 
Jatropha 
Zea 
Arabidopsis 
Ipomoea 
Solanum 
- -CGGGCTCTTT -CACTC - CCTACACTATTCGACTC -CTGT CGA CGAA 4 3 
CACACACTCCGCATACGCACCTACGAGAGTCGAGTGACAGTGAGCGAGCGAGCGAGCGAA 6 0 
GCGACCACTAGA AGGAGAAACAAATCTTCAT TCCA 35 
Jatropha 
Zea 
Arabidopsis 
GTTGAGACAACTGCAAACCAGGACCCATTG-GTAACTAAAGGACCAACTTTAGTTCCTTT 627 
GTTGAAACTACAGCTAATCAGGATCCTCTG-GTGACTAAAGGTGCAAGCTTGGTTCCGCT 632 
GTTGACACAACTGCCAATCAGGATCCATTA-GTGACAAAAGGAGGAAGCTTGGTACCTCT 601 
GTTGAAACCACCCCAAATCAGGACCCTTTG-GTTACTAAAAATCCAAACAAGGTTCCTCT 203 
ACCGGTCCT TTAGAATTATTTGCATTTCCCCACCTC CTTGGT CT 424 
Jatropha 
Zea 
Arabidopsis 
Ipomoea 
Solanum 
Jatropha 
Zea 
Arabidopsis 
Ipomoea 
Solanum 
• 103 
-GGTGGAG 118 
I GCTTGAAGGAGAC 91 
GACAAAGAGCTTAAGCGCCTGGTGGTTGAAACCACTGCA 40 
TCTAATCTTTTCCTAGGCTTAGGATTAAGTCAACTTCGAGGATTGAAAACCTTCTCTCTC 163 
--CGGCCCGGCCGTCGGC GGAGTCCGCGA GGGGGGTGACGACGGTCGCGCTC 168 
ATCATCGAGGCTATTGA GGA TCA GAGGGATTCAGACTTTTACGCTT 137 
AATCAGGTGATTGA TGCATGTTC 63 
Jatropha 
Zea 
Arabidopsis 
Ipomoea 
Solanum 
Jatropha 
Zea 
Arabidopsis 
Ipomoea 
Solanum 
GCTTGGCATT--GATGTTTGGGAGCATGCATACTA--CTT--ACAGTACAAGAATGTCAG 681 
GTTGGGGATT—GATGTCTGGGAACATGCGTACTA—CCT—GCAGTACAAGAATGTTAG 686 
GGTGGGTATA--GATGTTTGGGAGCACGCCTACTA--CTT--GCAGTACAAAAATGTGAG 655 
ACTGGGCATA--GATGTTTGGGAACATGCGTACTA--CTT--ACAGTACAAGAATGTGAG 257 
G-TCAGCATTCTGCAGTCTAC-ATCATAYGGCCCAGGCTTCAACTGTAGATAGGTCTTAT 482 
ACCTGATTATCTAAAGAACATATGGAAGGTAATAAATTGGA--AGTATGCAAGTG-AAGT 738 
GCCGGATTACCTGAACAACATCTGGAAGGTGATGAACTGGA--AATATGCTGGAG-AGGT 743 
GCCTGAGTATCTGAAGAATGTATGGAAAGTGATCAACTGGA--AATATGCAAGCG-AGGT 712 
GCCGGATTACTTGAAGAATATATGGAAAGTTGTGAACTGGA--AATATGCATGTG-AAGT 314 
TTTTGTCTATTTTGACAATCCTTTTTATATGTGGGATTGCATAAGAACGTTGGCATATGC 542 
Jatropha 
Zea 
Arabidopsis 
Solanum 
CCCGATCTTGCCTACGACTATTCAGCTCTTGAGCCCGTGATTAGTGCCGAGATAATGCAG 223 
CCCGACCTCTCCTACGACTTCGGCGCGCTGGAGCCGGTCATCTCGGGGGAGATCATGCGC 228 
CCTGATCTTCCTTACGATTATGGCGCATTGGAACCGGCCATTAGTGGAGAGATCATGCAG 197 
T ATTTATCCTA GATGAATAGATAGAT-ATGT-T 94 
Jatropha GTA TGCAAATGAATGCCCTTCAGCTTAGAGCGCTCACCA 777 
Zea GTA CGAAAATG 754 
Arabidopsis TTA TGAGAAGGAAAG 727 
Ipomoea TTACCAACAATTTACACCATTGCCTGCAAGCAGAGACTGATCAGACCAGGTGATCCAACA 374 
Solanum TTT TGCAATAGT 554 
Jatropha 
Zea 
Arabidopsis 
Ipomoea 
Solanum 
I 283 
¡ 288 
ATTCATCACCAGAAGCATCACCAGGCTTATGTTACTAATTACAATAATGCTCTTGAGCAG 257 
CTATTTATCCTAAATTAATAGATAGCTGAG- - CAT CAT C TT CAACAAG 140 
Jatropha CTCTT ATGATTG AAATAAAATGATGTGTTAATG TATTATAAAATATT 824 
Zea TTCT TGCTTG AAT TGTCTTAATG GACAATA 784 
Arabidopsis CAACTG AAT CGTTTACACGAT GAC-ATAAGGAGAT 761 
Ipomoea CTCATCAAGGTGCCCG AGT TTCTTTAATCTCGTGGGATAAAATAATGCT 423 
Solanum TGCTTGTCAGGT TGTCTT-ATG AATTATGG 583 
Arabidopsi 
Ipomoea 
Solanum 
CTCAATGAAGCTATGAATAAGGGGGACTCTGCTTCT--GTTGTCAAGTTGCAGAGCGCCA 341 
ATCGACGATGTCGTCGTCAAGGGCGACGACTCCGCT—GTCGTCCAGCTCCAGGGCGCCA 34 6 
CTTGATCAAGCTGTGAACAAGGGAGATGCTTCCACT--GTTGTTAAGTTGCAGAGCGCCA 315 
TGAAGTT GATTCCTCCACTTTGTTGCCTTGACTTAGAGGTTAA 183 
Jatropha AAGGGCCCCTTCTCTCCACCGAGCTGTTCACAGGTTGTCTGCA CTAGTGTGTGC 878 
Zea CTCATCTGCGCGGGTTTGTTTTCGGGCTG 813 
Arabidopsis GAACCAGTTCCAGCTCAGCT—TTTGTTTTAAGGTTGTCTGAAACAAACTTACAGTGTCT 819 
Ipomoea AAGTTAACTTTGCTTCGGCTT-TCTGCTGAACTGTTGT TGC 463 
Solanum TAGG—GATCATTTTTGGGATTAT 605 
Jatropha 
Zea 
Arabidopsi 
Ipomoea 
Solanum 
TCAAGTTCAATGGTGGAGGTCATATCAACCACTCCATTTTCTGGAAGAATCTCGCCCCTG 401 
TCAAGTTCAACGGCGGCGGTCATGTGAACCATTCAATCTTTTGGAAGAACCTCAAGCCTA 406 
TCAAATTCAACGGCGGAGGTCATGTCAACCATTCGATTTTCTGGAAGAACCTTGCTCCTT 375 
TACTATCCAA- • - GAAAGCGTGAAAA GAAAATGCATAAGACTG 223 
Jatropha 
Zea 
Arabidopsis 
Ipomoea 
Solanum 
TTTTGTTCATTTCTTCTTTGTCAGTC CTATCATGGAACATATTGCTCT-TGA 92 9 
-TTTGACCAT GTGAAATAAA GA 834 
CTTTGGTTTTTAAGATTTGCTCAACT CAGCTGTGTGGTACGTTGTTTTACAA 871 
TTCTGTTTTCTGTGTAGTGGTAAATAAATTGTTGTATTTGTGAATTTTGTTGCTTT-TAG 522 
-TTTGTTCTT GCAGGACCCTTTGGTTTCTAA 635 
Jatropha TTCGTGAAGGAGGTGGTGAACCTCCGCATGGTTCCCTTGGTTGGGCGATTGATGAA--GA 459 
Zea TTAGCGAAGGTGGTGGGGAGCCGCCACATGGGAAACTTGGCTGGGCCATCGATGAG--GA 464 
Ipomoea CCGAAGAGTTCTTTTGGCTGGGAGATTGACAAT--CA 35 
Solanum CTAAT TTCTTGATTGCT-TAGAAGTCTTTAAGTTGTAGACTAAATAATTTGA 274 
Jatropha 
Zea 
Arabidopsis 
TGTC CTGTTATATGGATCTTCTAATAACAACAATT TGGGCACTA 973 
TGGA CT TGTGTACCTGC 851 
TGAAAGTTTTSAAGAATAAAAATTTGCTATTATTGTCAG AAAGCGCTA 919 
CACACTGTCACTGTGATGTGAAACTTATCACTTCAACAGAGTTAAAATTGAAAAATGCAG 582 
AGGA GCAAATTTGGTACCTCTTATGGGT ATAGACGTTT 673 
Jatropha TTTTGGTTCTTTGGAAAAGTTGATCC—AGAAAATCAGC ACAGAA-GGTGCTG 509 Jatropha 
Zea TTTTGGTTCATTTGAGGCACTTGTAA—AGAGGATGAAT GCAGAA-GGCGCTG 514 Zea 
Arabidopsis CTTTGGCTCCCTTGAAGGTCTGGTGA—AAAAGATGAGT GCTGAG-GGTGCTG 483 Arabidopsis 
Ipomoea CTTTGGCTCTTTAGATGCTCTGATAC--AAAAGATGTCT GCAGAA-GGTGCTG 85 Ipomoea 
Solanum CTTCCATTTCTTATTAGCTGCCATGATTGAGAGATGTATTTTTTATGTTAATTGATGCTG 334 Solanum 
GATTTTATTCAAAAAAAAAAAAAAAAAAAAA 1004 
TTGTTTATTCT 930 
GAGTTTTTCTGCT 595 
GGGAACACGCAT 685 
Figure 3. Nucleotide sequence alignment of the Mn-SOD gene from different species using Clustal W. Representative plant species are Jatropha 
curcas (JF509743.1), Ipomoea batatas(L36676.1), Solanum bulbocastanum (HQ856192.1), Zea mays (L19462.1), Arabidopsis thaliana (AY085319.1). 
Degenerate primers (Table 1) for real time PCR were designed from sequences shaded in yellow. 
Results 
SOD activity in crude extracts 
A comparative analysis of total SOD activity in the crude ex-
tract of different organs of /. carnea is presented in Figure 4. 
SOD activity assays were performed with increasing protein 
concentration (Fig. 4A) and specific activity (units/ mg of pro-
tein) was calculated (Fig. 4B) in the linear range of increase 
in SOD activity with increase in protein concentration. SOD 
specific activity was maximum in case of apical and lateral 
bud, while root and petal show comparatively lesser activity. 
Leaf and stem showed moderate SOD activity as compared 
to other plant parts. 
Higher SOD activities in the meristematic tissue like api-
cal and lateral buds are obvious also. It is well documented 
that these fast dividing cells produces large amount of reac-
(B) 
s 
i 
Figure 4. SOD activity in crude extracts of I.carnea. (A) as a function of 
increase in protein concentration (B) specific activity of the protein in 
terms of Units of SOD activity/ mg of protein. 
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tive oxygen species due to higher metabolic rate (Samis et 
al. 2002 ; Bi et al. 2011). Thus, increase in SOD activity in 
these tissues is physiologically essential in order to tolerate 
flux of ROS and hence prevent the plant from oxidative dam-
age. Lesser SOD activity in non green tissues like root and 
petals could be argued for lack of photosynthesis machinery, 
the process which is accountable for largest production of 
superoxide is plant cells (Perl-Treves and Galun 1991; Murai 
and Murai 1996; Asada 1999). Therefore, these plants organs 
represent differential accumulation O, and plants are adapted 
to regulate the SOD activity based on local accumulation of 
o 2 -
Purification and quality detection of total RNA 
Electrophoresis of isolated RNA on 1% denaturating agarose 
gel stained with ETBR showed distinct 28S and 18S rRNA 
bands (Fig. 5A). Only those RNA samples with 260/280 ratio 
between 1.9 and 2.1 and 260/230 ratio greater than 2.0 were 
used for the cDNA preparation (Jain et al. 2006). 
RT-PCR of the cDNA prepared using the housekeeping 
18S rRNA and all three SOD isoform show a single distinct 
band in agarose gel (Fig. 5B-C) and hence proceeded for real 
time analysis. 
Real time PCR analysis and quantification of 
relative gene expression 
Presence of single sharp peak for both 18S rRNA and SOD as 
reflected in the dissociation curves (melting curves) ascertain 
the absence of primer dimers and non-specific amplification 
products. It also showed that the amplification has good 
reproducibility in each sample for all genes. However, both 
RT PCR and amplification curve (data not shown) of Fe-
SOD shows slightly less efficiency, which might be due to 
higher degeneracy of the Fe-SOD sequence with the designed 
primer. 
The quantitative expression cytosolic CuZn-SOD gene 
in different organs was evaluated by taking the amount of 
expression in root as unity (Fig. 6A). The relative expression 
level of the gene compared to root was highest in leaf (1.3 
times), while expression was about 0.35-fold and 0.22-fold 
lower in case of apical and lateral bud respectively. The tran-
script abundance in stem and petals as compared to root was 
about 0.54 and 0.37. 
Although, it was shown in earlier section that the total 
SOD activity was highest in buds, relative mRNA expres-
sion of the cytosolic CuZn-SOD gene was found to be least 
in these cases. These anomalous gene expression profiles 
suggest that distributions of different SOD isoforms in differ-
ent organs of the plants are different. This is also supported 
by previous reports (Kliebenstein et al. 1998; Corpas et al. 
2006) where it was found that the cytosolic CuZn-SOD plays 
a more important role in oxidative stress tolerance in roots 
as compared with the chloroplastic isoform. It is most likely 
(B) 
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Figure 5. Purification of total RNA and reverse transcriptase PCR. (A) 
Resolution of total RNA on formaldehyde agarose gel. (B) PCR of the 
corresponding cDNA using 18s rRNA and CuZn-SOD primer and (C) 
Fe-SOD and Mn-SOD. Sequence of representative cDNA from A-F is 
root, leaf, apical bud, lateral bud, stem and petal. 
that, others isoforms of SOD like chloroplastic CuZn-SOD, 
Fe-SOD and Mn-SOD might be contributing to the higher 
activity of the buds. 
Evaluation of transcript level of Fe and Mn-SOD isoforms 
also advocate this fact. The relative expression level of the 
Fe-SOD was highest in leaf (6.3 times), followed by apical 
bud and lateral bud while expression was comparable in case 
of stem and petal (Fig. 6B). Variation in Fe-SOD transcript 
abundance in these organs primarily represent the presence 
of chloroplast and those organs where chloroplast is absent 
shows lower level of expression, which is primarily basal 
level only. 
The expression level of Mn-SOD gene was highest in api-
cal bud followed by lateral bud while transcript abundance of 
the gene was average in root, leaf, stem and petal (Fig. 6C). 
These observations suggest that both apical and lateral bud 
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Figure 6. Relative quantification of SOD expressions in different organs 
of l.carnea. Quantification of gene expression was evaluated by taking 
the amount of expression in root as unity and expressed in terms of 
fold change. (A) CuZn-SOD (B) Fe-SOD (C) Mn-SOD. 
have higher accumulation O, which might be due to high 
rate of metabolism and since Mn-SOD is the major isoform 
present in mitochondria, so higher expression of Mn-SOD 
in these meristematic organs strongly advocate its higher 
abundance to prevent plant from oxidative injury. So, perhaps 
Mn-SOD contributes towards higher SOD activity of buds as 
shown in earlier section. 
Discussion 
Reactive oxygen species (ROS) are produced as a normal 
product of plant cellular metabolism. ROS are always formed 
by the inevitable leakage of electrons onto O, from the elec-
tron transport activities of chloroplasts, mitochondria, and 
plasma membranes or as a by product of various metabolic 
pathways operating in different cellular compartments (Ban-
nister et al. 1987a). Various Environmental stresses such as 
drought, salinity, chilling, metal toxicity, and UV-B radiation 
as well as pathogens attack can lead to enhanced production 
of ROS within plant tissues due to disruption of cellular ho-
meostasis (Bowler et al. 1994). Scavenging of excess ROS 
is achieved by highly efficient antioxidative machinery com-
prising of both nonenzymatic and enzymatic antioxidants. 
The enzymatic components include superoxide dismutase 
(SOD), catalase (CAT), guaiacol peroxidase (GPX), enzymes 
of ascorbate-glutahione (AsA-GSH) pathway such as ascor-
bate peroxidase (APX), monodehydroascorbate reductase 
(MDHAR), dehydroascorbate reductase (DHAR), and gluta-
thione reductase (GR). Ascorbate (AsA), glutathione (GSH), 
carotenoids, tocopherols, and phenolics serve as potential 
nonenzymatic antioxidants within the plant cell (Noctor and 
Foyer 1998). However, plants rely upon the unique enzyme 
superoxide dismutase (SOD) to detoxify superoxide. That's 
why SODs are ubiquitous enzymes present in all phyla and 
various isoforms of this class of enzymes are distributed in 
different cellular compartments. The presence of multiple 
SOD isoforms raises the possibility that each protein may 
protect plants against a subset of oxidative stresses and that a 
variety of SODs are deployed to fully combat environmental 
stresses (Bowler et al. 1994; Alscher et al. 2002). 
There have been several studies showing the importance 
of SODs in combating environment stresses by developing 
plants overexpressing different isoforms of the enzyme. 
However, there are some disparities among transgenic plants 
overexpressing SOD (Tepperman and Dunsmuir 1990; Gupta 
et al. 1993). It is also essential to obtain deeper insights into 
the relationship between cellular localization and specific 
function of each SOD isoforms. However, tissue and organ 
specific expression of SOD activity and relative expression 
of different isoforms are still lacking in literature. 
In some cases, tissue specific expression were analysed 
by fusing the 5' upstream regulatory region of these genes to 
the beta-glucuronidase reporter gene and differential tissue 
specificity were checked in transgenic plants. Those studies 
were confined only to one gene at a time (Van Camp et al. 
1996). Therefore, in this study we report the total SOD activ-
ity in different organs of Ipomoea carnea and further extended 
to analysis of transcript abundance of cytosolic CuZn-SOD, 
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Fe-SOD and Mn-SOD by real time PCR. Our observations 
demonstrate that expression of different isoforms of SODs 
are developmentally regulated and hence provide a valuable 
clue about the existence of a specific isoform of SODs in 
particular organ of the plant. 
The comparison of total SOD activity in the crude extract 
of different organs of /. carnea showed clear discrepancies. 
Our observation reveals that activity was maximum in case 
of apical and lateral bud. These buds of plant represent the 
highly meristematic region. Hence, it is apparent that the high 
metabolic rate might result in higher production of ROS; an 
event which might be responsible for higher SOD activity. 
However. Root and petal shows least activity which might be 
due to lack of photosynthesis and/or lesser metabolic rate in 
these organs. These data emphasize the critical role of sub-
cellular superoxide dismutase location and strongly advocate 
that enzymatic activity of SOD is differentially regulated at 
different organs of the plant depending upon its developmen-
tal and physiological conditions. 
CuZn SOD is the most abundant SOD isoenzyme in 
many plant species (Bowler et al. 1994; Alscher et al. 2002). 
In this report, we have analysed the relative expression of 
major isoform of CuZn-SOD which is localised in cytosol. 
Our observations reveal that expression of cytosolic CuZn-
SOD is slightly higher in leaf while other organs show less 
abundance of the gene. This also supports previous reports 
which suggest that cytosolic CuZn-SOD plays major role 
in scavenging O, (Perl-Treves and Galun 1991; Murai and 
Murai 1996) and hence this isoforms is uniformly distributed 
in different tissues of the plant. 
On the other hand, expression level of Fe-SOD was found 
to be highest in leaf followed by apical bud and lateral bud, 
while expression was least non photosynthetic organs like 
root, stem and petal. To date most of the Fe-SODs found are 
chloroplastic, so abundance of chloroplast in organs probably 
determine abundance of Fe-SOD mRNA abundance in these 
organs (Bowler et al. 1994; Okamoto and Colepicolo 1998; 
Alscher et al. 2002). In addition to Fe-SOD, CuZn-SOD is 
also present in chloroplast and both of these enzymes are re-
sponsible for the efficient removal of the superoxide formed 
during photosynthetic electron transport and hence function in 
reactive oxygen species metabolism. The availability of cop-
per is believed to be a major determinant of CuZn-SOD and 
Fe-SOD expression (Pilon et al. 2011). However, in our case 
since all the plant organs belongs to same condition (copper 
present in the soil), expression pattern of Fe-SOD/ CuZn-
SOD represent the true value and copper is not a detrimental 
factor here. Rather, presence/ absence of chloroplast are the 
sole determinant of the gene expression. 
Mn-SODs are found in mitochondria; with only excep-
tions are watermelon and pea, where it is found in per-
oxisomes also (del Rio et al. 2003; Rodriguez-Serrano et 
al. 2007). Decrease in Mn-SOD may leads to reduced root 
growth and affects Tricarboxylic Acid Cycle (TCA) Flux 
and mitochondrial redox homeostasis (Morgan et al. 2008). 
Thus, regulation of Mn-SOD is critical in those tissue where 
generation O. from mitochondria is very high. The transcript 
abundance of Mn-SOD gene in apical bud and lateral bud sug-
gests higher accumulation O, in these meristematic tissues 
which might be due to high rate of metabolism and Mn-SOD 
play critical role here to prevent plant from oxidative injury 
(Segui-Simarro et al. 2008). 
In conclusion, expression patterns of SOD isoenzymes 
give insights into their probable functions in different tissues 
and development stages. The SODs in different compartments 
must be differently regulated at the level of gene expression 
by site-specific oxidative stress. Our findings demonstrate that 
distinct regulation mechanisms might be involved in the ex-
pression of SODs in different organs of lpomoea carnea. All 
these cases provide evidence of the heterogeneous distribution 
of SOD isozymes in higher plant species, and suggest that 
each SOD isoenzyme must have a specific function probably 
related to its cellular and subcellular localization. 
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ABSTRACT Nickel is considered to be an essential micronutrient for many plants; however, 
it is very toxic at excess concentration. In this investigation the interaction between L-histidine 
(His) and calcium on improvements of growth and K* nutrition was studied under Ni2* stress 
in hydroponic media in 3 tomato cultivars (Cal-J N3, Early Urbana Y and Petoearly CH) from 
Iran. The treatments contained Ca2* (400 and 700 pM), L-histidine (0 and 300pM) and NiS04 (0, 
150 and 300 pM). The following parameters were determined: root and shoot length, fresh 
weight, pigment concentration, leaf area index, K* accumulation, reducing sugars, proline, free 
amino acids (FAA) and leaf relative water content (RWC). The results showed that Ni2* treat-
ments significantly decreased the shoot and root length, the pigment content of leafs and the 
K* content of root and shoot in all cultivars, whilst application of Ca2* and His elevated these 
growth and nutritional parameters irrespectively of the presence of Ni. The effect of Ca2* on 
increasing of leaf area and other parameters in Early Urbana Y and Cal-J N3 cultivars was more 
pronounced than in Petoearly CH cultivar. Therefore, application both Ca2* and His can affect 
on nutrition improvement and increasing of the tolerance and growth of agronomic plants 
under Ni2* stress. A c t a B i o 1 Szeged 57(2):131-144 (2013) 
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Heavy metals such as nickel, copper, cadmium and mercury 
are toxic to most organisms and a variety of mechanisms have 
been evolved for coping with these toxic elements (Scheller et 
al. 1987). Ni is an essential micronutrient for plants, since it 
is in the active centre of the enzyme urease, which is required 
for nitrogen metabolism in higher plants. However, it is also 
showed that at elevated levels, Ni is a toxic metal in various 
plant species. The most decisive symptoms of Ni-induced 
toxicity in plants are the inhibition of growth, photosynthesis, 
mineral nutrition, sugar transport and water relation (Seregin 
and Kozhevnikova 2006). During Ni-induced toxicity, plants 
develop different resistance mechanism to avoid or tolerate 
Ni stress, including the changes of the lipid composition, the 
profiles of isozymes and enzyme activity, sugar or amino acid 
contents, and the level of soluble proteins (Schiitzendiibel 
and Polle 2002). 
Metal chelation by specific low-Mr ligands is one of the 
major processes that determine metal tolerance of a plant. 
All plants are able to produce phytochelatins, which can bind 
and detoxify heavy metals (Ha et al. 1999). In nickel-tolerant 
plants histidine has been implicated in metal detoxification 
(Sagneret al. 1998). 
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Generally, plants develope a complex network of highly 
effective homeostatic mechanisms that serve to control the 
uptake, accumulation, trafficking and detoxification of metals. 
Chelators are involved in metal detoxification via buffering 
the cytosolic metal concentration (Clemens 2001). Reactive 
interaction between metal ions and organic acids or amino 
acids for metal chelating was reported (Wagner 1993; Del-
haize and Ryan 1995; Sagneret al. 1998). 
The binding of Ni with His has been confirmed with the 
analyses of Ni-hyper accumulation and non-accumulation 
species. Under Ni toxication, increasing of the His content 
was detected in xylem sap in the Ni-hyper accumulation Al-
yssum lesbiacum (Kramer et al. 1996). When His treatments 
had been used for non-accumulation plant A. montanum, 
these treatments increased the Ni tolerance (Kramer et al. 
1996). Tolerance of yeasts to Ni and other heavy metals 
has been reported to correlate with high cellular His levels 
(Joho et al. 1992). Metal chelators like phytosiderophores or 
organic acids also play an important role in regulating metal 
uptake by plant cells (Curie et al. 2001). Phytosiderophores 
have been detected in the xylem sap of barley plants (Alam 
et al. 2001). Chelators mediate and control the partitioning 
and translocation of the heavy metal such as Ni between the 
roots and shoot organs. 
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Calcium is an essential macronutrient with diverse func-
tions in plants (McLaughlin and Wimmer 1999). Ca plays 
an important regulatory role in cell division, cell extension, 
cell wall- and membrane-synthesis and function (Hanson 
1984; McLaughlin and Wimmer 1999). Ca also functions 
as a second messenger at low concentrations in signal trans-
duction between environmental factors and plant responses 
(Marschner 1995). The concentration of Ca in the cytosol 
is very low (1 pM approximately), since Ca is cytotoxic in 
higher concentrations at millimolar range (Marschner 1995). 
The various roles of Ca in plant systems depend on its unique 
chemical properties that allow it to exist in a wide variety of 
binding states (Hepler and Wayne 1985). 
In the cell wall, Ca is mainly bound to exchangeable sites 
in the middle lamella. By binding to carboxylic groups of the 
polygalacturonic acids (pectins) and cross-linking the pectic 
chains of the middle lamella, Ca strengthens the cell wall and 
controls its rigidity (Demarty et al. 1984). 
The selective property of cell wall correlates with opti-
mum Ca content in plant tissues and rhizosphere (Girija et 
al. 2002). The cell wall is important chelator of toxic metals 
such as Ni, as far as the metal is transported apoplastically 
especially in root tissue. The cell walls inevitably come into 
direct contact with the heavy metal-containing medium in the 
soil and act as a cation exchanger in the plant root (Kiipper 
et al. 2001). It has been described that Ca may decrease the 
uptake, translocation and accumulation of heavy metals in 
plants (Osteras and Greger 2006). 
As hypothesized, metals were found to interact and 
negatively affecting the accumulation of each other in the 
stem and roots of plants. Furthermore, in nutrient solutions 
Ca was found to decrease the accumulation of Cd, Cu, Mn 
and Zn in stem and roots. Even at low elevated Ca or Cu ad-
dition interactions were found (Saleh et al. 1999). Similarly, 
heavy metals, like Cu and Cd, have been found to reduce the 
Ca, Mn and Zn contents in roots, shoots and leaves of trees 
(Arduini et al. 1998). 
Heavy metal ions are supposed to enter into plant cells 
through systems devoted to the uptake of essential cations. 
The uptakes of many toxic metals are happened via Ca chan-
nels by plant cells (Wu and Hendershot 2010). Moreover, it 
was shown that heavy metals compete with Ca at both Ca 
channels (Nelson 1986) and intracellular Ca binding proteins 
(Rivetta et al. 1997). Metals with similar physiochemical 
properties, such as ion-size and charge, compete with each 
other for binding sites in plants (Marschner 1995), thereby 
affecting the uptake, translocation and accumulation of each 
other. 
Supplementing the medium with Ca alleviates growth 
inhibition under metal stress conditions (Yan et al. 1992; 
Kinraide 1998). The concentration of different cations in the 
uptake solution is decisive for the resulting transport across 
the membrane (Lu et al. 2010). Raising the Ca2* concentration 
was shown to block heavy metal transport into rice roots as 
a result of the competition of toxic metals with Ca2* for Ca 
transporters (Clemens 2006). 
Permeability of plasma membrane to toxic ions correlates 
with cell wall activity and Ca content. The main part of Ca in 
plant tissues is located in the apoplast, bound to the cell wall, 
the outer surface of the plasma membrane and other structures 
(Marshner 1995). Ca blocks the symplastic uptake of Ni in 
root tissue. Generally, Ca ion plays an important role in regu-
lating ion transfer into plant cells growing in stress conditions, 
like salinity and toxic metals (Greenway and Munns 1980). In 
addition, Ca is very effective in detoxifying high concentra-
tion of other toxic elements under stress condition (Ashraf and 
Akhtar 2004). Thus, Ca sustains potassium transport and K*/ 
Na* selectivity in plant membrane. Ca also plays a key role in 
control of production of proline and glycine-betaine (Charest 
and Phan 1990; Wu et al. 2009). 
This study aimed at analysing the interaction effect 
between exogenous Ca (as a very important nutrient with 
diverse functions specially in cell wall and membrane) and 
His (as a specific Ni ligand) on the probable higher alleviation 
effect of Ni stress in three cultivars of tomato from Iran and 
improving growth and nutrition of these plants under Ni2+ 
stress conditions. On the other hand, we attempt to clarify that 
non-toxic concentration of exogenous Ca with His probably 
can alleviate Ni toxication in tomato than His application 
alone. For this reason, we evaluated growth and biochemical 
parameters, in three tomato cultivars under Ca, His and NiS04 
treatments in hydroponic media under standard conditions 
and optimized treatments. 
Materials and Methods 
Plant growth 
Seeds of the tomato cultivars (Solarium lycopersicon Mill. 
CVs; Petoearly CH, Cal-J N3, Early Urbana Y), that were 
a gift from Falaat Ghaareh Company (Tehran. Iran), were 
placed on two sheets filter paper in Petri dishes (9 cm), that 
contain Hoagland solution for optimum seedling growth. Af-
ter 7 days and emergence, uniform seedlings of tomato were 
selected and transferred into dark polyethylene vessels (two 
plants per vessel), each supplied with 50 ml of a modified 
Hoagland solution (Hoagland and Arnon 1950) containing 
0.5 mM KNO,. 400 pM Ca(NO,)„ 10 pM Fe-EDTA, 0.2 mM 
MgS0 4 ,0 .1 mM K.H.PO,, 10 pM_H,BOv 2 pM M n C l „ 2 p M 
ZnS04 , 0.1 pM Na,Mo0 4 and 0.2 pM CuS0 4 buffered to pH 
5.8±0.1. The growth medium was continuously aerated and 
the nutrient solutions were exchanged once a day. Seedlings 
and plants were grown in greenhouse with supplementary 
light provided by sodium vapor lamps at a photon flux density 
of 10 klx during the day, a photoperiod of 16/8 hours, day and 
night temperature of 25°C and 22°C respectively, and 60% 
constant relative humidity. 
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Experimental treatments 
Tomato plants were grown under control conditions in a 
modified Hoagland solution for 3 weeks that was continu-
ously aerated and exchanged once a day. After this period, the 
effect of Ni exposure and other compounds (L-histidine and 
CaCl2) on growth have been studied. Nutritional and physi-
ological parameters were investigated by replacing the nutri-
ent with a fresh solution containing the respective compounds 
for 10 days that was continuously aerated and was exchanged 
once a day. The indicated total treatment concentrations were 
supplied as NiS0 4 (0, 150 and 300 pM), as CaCl2 (400 and 
700 pM; total Ca2+ concentration in nutritional media) and 
L-histidine (0 and 300 pM; extra pure, Merck Co, Germany), 
that were solved in the Hoagland solution and adjusted to 
pH 5.8±0.1 with KOH. In this experiment the root and shoot 
samples were collected after treatments exposure for growth 
and physiological analyses. At the end of the treatment period, 
root and shoot organs were washed in deionised water, blotted 
dry with tissue paper, measured, frozen in liquid nitrogen and 
stored at -80°C until analysis. 
Morphological analysis 
The morphological parameters determined in this research 
included fresh weight (FW), length of both shoot and root 
organs and leaf area. 
Biochemical analysis 
The concentration of the main photosynthetic pigments (chlo-
rophyll a+b and total carotenoids) were measured quantita-
tively in acetone extract from untreated and Ni-treated (with 
or without Ca and His) tomato cultivars using absorption 
coefficient at specific wavelengths (470, 646 and 663 nm) 
given by Lichtenthaler (1987) and recalculated per gram of 
fresh weight. The relative water content (RWC) of leaves was 
determined by the method of Turkan et al. (2005). The method 
for proline determination was essentially as described by 
Bates et al. (1973). Free amino acids (FAA) was measured in 
shoot and root tissues using the method of Hwang and Ederer 
(1975). For the determination of the reduced carbohydrates 
the method of Somogyi (1952) was used. 
Element analysis 
Samples of root and shoot were oven dried at 70 °C for 72 h, 
and after the determination of dry biomass 0.5 g samples were 
dissolved in 10 ml 65% (w/v) nitric acid (supra pure, Merck 
Co, Germany). Total concentration of K+ was determined by 
inductively coupled plasma atomic emission spectroscopy 
(ICP-AES, Varian) by the method of Sagner et al. (1998). 
Experimental design and statistical data 
analysis 
The experimental design was a completely randomized design 
with 12 treatments, 3 cultivars and 4 replications per treat-
ments. Samples were collected from two plants per culture 
vessels. Data were analysed using analysis of variance (four-
way ANOVA), followed by Duncan test. Differences between 
means were considered significant at confidence level of 
P 0.05. All statistical analyses were done using the software 
SPSS package Version 18.0 (SPSS 2009). 
Results 
The effects of various treatments on root and shoot length 
in the three tomato cultivars are shown in Figure 1. When 
the concentrations of the external His and Ca2+ were low, an 
increase from 0 to 150 or 300 pM Ni2+ significantly decreased 
the shoot length in all cultivars compared to the control. A 
further increase in the concentrations of Ca2+ and His from 
0 to 300 pM, separately or together, had increasing positive 
effect on shoot length. In general, both Ca2+ and His signifi-
cantly increased the root growth in two cultivars (Petoearly 
CH and Early Urbana Y) under Ni2+ toxication, however, 
Cal-J N3 cultivar had no improving growth after treatment 
with 300 pM Ni2+ beside Ca2+ and His. Ni2+ treatment (150 
pM) without Ca2+ and His decreased the shoot length, while 
treatments containing Ca2+ and His resulted increasing growth 
compared to the control. Generally, Ca2+ and His significantly 
increased the root growth in all studied cultivars under Ni2+ 
toxication; only it had not observed any improving effect on 
the growth of Cal-J N3 cultivar, when 300 pM Ni2+ was ap-
plied beside Ca2+ and His (Figs. 1 and 2). 
In the treatment containing 150 pM Ni2+ beside Ca2+ and 
His, shoot fresh weight (FW) was not significantly different 
in Cal-J N3 cultivar compared to the control. But shoot and 
root FW was increased under 300 pM Ni2+ in the other two 
cultivars compared to the control. However, in treatments 
containing only His, root FW was higher than under Ca2+ 
treatments (Fig. 2 D-F). Similar results were found also at 
the dry weight determination (data not shown). 
Figure 3 A-C indicated the leaf RWC at different Ni2+ 
concentrations affected by Ca2+ and His treatments. In both 
cultivars, Early Urbana Y and Cal-J N3, the Ca2+ and His 
improved the leaf RWC under 150 and 300 pM Ni2+ treat-
ments. However, Ca2+ and His had negative effects on leaf 
RWC in tomato Petoearly CH cultivar compared to the control 
(Fig. 3C). 
In this research, leaf pigments, especially chlorophylls 
were also determined (Fig. 4 A-C). The application of Ca2+ 
and His increased the level of chlorophyll pigments under 
Ni2+ stress. Our data indicated that His increased the level 
of chlorophyll (a+b) under Ni2+ stress. In Cal-J N3 cultivar 
under 150 pM Ni2+ treatment, application 300 pM Ca2+ and 
His increased the level of chlorophyll (a+b) compared to 
other treatments. Chlorophyll (a+b) content was significantly 
increased under Ca2+ treatment in unstressed conditions (Fig. 
4 A-C). On the other hand, this pigment increase shows that 
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Figure 1. The mean of shoot and root length (A-F) determined and three-way A N O V A with mult iple but equal number of observations per 
test tube for the effects of individual treatments and their interactive effects on the growth prarmeter changes in the tomato cultivars treated 
with a nutrient solution containing different concentrations of nickel, calcium and histidine (P<0.05). Vertical bars indicate the mean of four 
replications ± SE (n=4). Different letters indicate significantly different values a m o n g the experimental treatments. 
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leaf growth and expanding can depend upon calcium ion. 
The total carotenoid determination showed that Ca2+ and His 
increased the concentration of this leaf pigment under 150 pM 
Ni2+ treatment. The incubation with Ni2+ (300 pM) beside Ca2+ 
and His resulted in a decrease of carotenoid content in leaf tis-
sue in all the tomato cultivars. In two cultivars (Early Urbana 
Y and Cal-J N3) leaf area was increased under Ni2+, Ca and 
His treatments compared to Ni2+ treatment without Ca2+ and 
His. In summary, Ca2+ with or without His, improved growth 
and leaf area index in the studied cultivars of tomato. In ad-
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Figure 2. The mean of shoot and root fresh weight (A-F) determined and three-way A N O V A with multiple but equal number of observations 
per test tube for the effects of individual treatments and their interactive effects on fresh weight changes in the tomato cultivars treated with 
a nutrient solution containing different concentrations of nickel, calcium and histidine (P<0.05). Vertical bars indicate the mean of four replica-
tions ± SE (n=4). Different letters indicate significantly different values among the experimental treatments. 
dition, it has been observed that His treatments have positive 
effect on leaf area increase under Ni2+ treatments in the Early 
Urbana Y and Cal-J N3 cultivars of tomato (Fig. 4 D-F). 
The proline content in both root and shoot was increased 
under Ni2+ stress and it was the highest in the presence of Ni2+ 
without Ca2+ and His in tomato plants. In the root and shoot 
of Cal-J N3 cultivar treatment with 300 pM Ni2+ increased 
the proline concentration (Fig. 6 A-F). In the other two cul-
tivars (Petoearly CH and Early Urbana Y) the effect of 150 
pM Ni2+ on proline content was significantly higher (Fig. 6 
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Figure 3. The mean of leaf RWC (A-C) and leaf area (D-F) determined and three-way ANOVA with multiple but equal number of observations 
per test tube for the effects of individual treatments and their interactive effects on the leaf parameters changes in the tomato cultivars treated 
with a nutrient solution containing different concentrations of nickel, calcium and histidine (P<0.05). Vertical bars indicate the mean of four 
replications ± SE (n=4). Different letters indicate significantly different values among the experimental treatments. 
A-F). The proline content was also the highest in the presence 
of Ni2+ without Ca2+ and His in all tomato cultivars. Based 
on the lower effect of 150 Ni2+ pM on proline concentration 
in Cal-J N3 cultivar, proline content was not diminished by 
the addition of Ca2+ and His as ligands. Proline content was 
decreased by the addition of 300 pM His under both con-
centrations (150 and 300 pM) of Ni2+ treatments, while the 
effect of His combined with Ni2+ was similar to the control in 
Cal-J N3 cultivar. Interaction effect of His and Ca2+ on proline 
decline was observed in all cultivars under Ni-stress. In the 
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Figure 4. The mean of leaf total chlorophyll (A-C) and carotenolds (D-F) determined and three-way A N O V A with multiple but equal number of 
observations per test tube for the effects of individual treatments and their interactive effects on the leaf parameters changes in the tomato 
cultivars treated with a nutrient solution containing different concentrations of nickel, calcium and histidine (P<0.05). Vertical bars Indicate the 
mean of four replications ± SE (n=4). Different letters indicate significantly different values among the experimental treatments. 
shoot of the Petoearly CH cultivar proline accumulation was 
lower under Ni2+, Ca2+ and His treatments than under Ni2+ 
treatment alone. 
The interaction effect of Ca2+ and His on FAA content 
was significant compared to the control. The influence of Ca2+ 
and His on the decreasing of FAA content was observed in 
Cal-J N3 cultivar under 150 pM Ni2+ compared to unstressed 
conditions. The treatment with 300 pM Ni2+ beside Ca2+ and 
His resulted in the decreasing of the FAA content in the root 
and shoot tissues in all tomato cultivars. It seems that Ca2+ 
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Ô M 150 M.M 300 uW 
Fig S-F; Petoearly CH 
OeM 150 uM 300 ¡ M 
Figure 5. The mean of shoot and root reduced sugars (A-F) determined and three-way A N O V A with mult iple but equal number of observations 
per test tube for the effects of individual treatments and their interactive effects on reduced sugars content changes in the tomato cultivars of 
treated with a nutrient solution containing different concentrations of nickel, calcium and histidine (P<0.05). Vertical bars indicate the mean 
of four replications ± SE (n=4). Different letters indicate significantly different values among the experimental treatments. 
effect on FA A decrease is significant under 150 pM Ni2+ and 
interaction between Ca2+ and His on the FAA concentration 
was found at 300 pM Ni2+ treatment (Fig. 7 A-C). 
Our data showed that Ni2+ stress resulted in the accumu-
lation of the reducing sugars in the shoot of the cultivars, 
whereas in root tissue they are decreased in comparison to the 
control (Fig. 5; A-F). The level of the reducing sugar content 
was considerably greater in the shoot of Cal-J N3, than other 
cultivars treated with Ni2+ at toxic levels. However, sugar 
concentration was lower in root of Cal-J N3, than in other 
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Figure 6. The mean of shoot and root proline (A-F) determined and three-way ANOVA with multiple but equal number of observations per test 
tube for the effects of individual treatments and their interactive effects on proline content changes in the tomato cultivars treated with a nutri-
ent solution containing different concentrations of nickel, calcium and histidine (P<0.05). Vertical bars indicate the mean of four replications±SE 
(n=4). Different letters indicate significantly different values among the experimental treatments. 
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cultivars. Independent application of Ca2+ and His decreased 
the sugar content in the shoot of Cal-J N3 cultivar, which 
was similar to the control. His alone also increased the sugar 
concentration in root of two cultivars (Petoearly CH and Cal-J 
N3) under 150 pM Ni2+ treatment. 
Figure 8 shows the effect of the treatments on potassium 
concentration of the shoot and root tissues in the tomato culti-
vars resulted from ICP determination. When the concentration 
of the external Ca2+ and His was low beside the 300 pM Ni2+ 
level (Ni2+ treatments without Ca2+ and His), an increase in 
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Figure 7. The mean of shoot and root FAA (A-F) determined a n d three-way A N O V A with multiple but equal number of observations per test 
tube for the effects of individual treatments and their interactive effects on FAA content changes in the tomato cultivar treated wi th a nutr ient 
solution containing different concentrations of nickel, calcium and histidine (P<0.05). Vertical bars Indicate the mean of four replications ± SE 
(n=4). Different letters indicate significantly different values a m o n g the experimental treatments. 
Ca2+ and His (from 0 to 300 pM) significantly increased the 
K+ uptake in shoot and root plants. In the Cal-J N3 cultivar 
150 pM Ni2+ combined with Ca2t and His decreased the K+ 
content in shoot compared to Nr '-free Ca2+ and His treatment 
(Fig. 8A). However, in the Cal-J N3 cultivar, Ca2+ and His 
1 4 0 
increased the K* concentration in shoot and root differently 
in stress and control conditions (Fig. 8A, 8D). In other cul-
tivars we also observed similar results in K+ accumulation 
in the Cal-J N3 cultivar plants. Our data showed that, Ca2+ 
and His decreased K+ accumulation in both root and shoot of 
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Figure 8. The mean of shoot and root K accumulation (A-F) determined and three-way A N O V A with multiple but equal number of observations 
per test tube for the effects of individual treatments and their interactive effects on K content changes in the tomato cultivars treated with a 
nutrient solution containing different concentrations of Nickel, calcium and histidine (P<0.05). Vertical bars indicate the mean of four replica-
tions ± SE (n=4). Different letters indicate significantly different values among the experimental treatments. 
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Petoearly CH cultivar under 150 pM Ni2+ (Fig. 8C, 8F). But 
K+ accumulation and nutrition under 300 pM Ni2+ treatment 
(also containing Ca2+ and His) increased compared to the 
same Ni2+ treatment without Ca2+ and His. 
Discussion 
Ni is among those metals that the most cause for immediate 
concern in environment (Zafar et al. 2007). It is also phy-
totoxic causing growth inhibition, disturbances in nutrient 
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uptake and other metabolic and physiological processes of 
plants (Sanita di Toppi and Gabbrielli 1999, Molas 2002). 
In this study, we have shown that Ca2* and His are highly 
effective in protecting tomato plants from growth inhibition 
caused by the high concentrations of Ni2+ under hydroponic 
culture experiments. Heavy metal tolerance in plants often 
include binding of metals by chelators such as His or Ca in 
cell wall, phytosiderophores and phytochelatins, volatilization 
and enhanced export from the cell (Cataldo et al. 1988). The 
ligands (such as cell wall and His), bind considerable amounts 
of Ni2+ in rhizosphere, root tissue and cell wall in pericycle 
layer cells under both resting and growing conditions (Cataldo 
et al. 1988). The described interactions could play a signifi-
cant role in metal availability by absorbing and immobilizing 
toxic ions from soil solution (Wu et al. 2006). 
Although the Ca2* and Ni2* accumulation in the root are 
usually inversely proportional, root ion accumulation more 
often accounted for a higher share of variability in root elon-
gation than Ni2+ accumulation in root tissue at high concen-
tration of Ca2* than control conditions (Wu and Hendershot 
2010). Therefore, in the evaluation of root elongation, certain 
predictors, such as Ni2* and Ca2* must have accounted, when 
environmental conditions (low Ca2* concentrations) signifi-
cantly affect the amount of the accumulated Ca2*. The root 
Ca2* and Ni2* concentration can be determined from total 
Ca2* and total Ni2* solution. Root elongation revealed a strong 
positive correlation with total Ca2* content in the roots (Wu 
and Hendershot 2010). Our data also showed that Ca2* and 
Ni2* together increased the root length in all tomato cultivars 
more significantly than the Ni2* treatments without Ca2* (Fig. 
1 A-F). The treatments containing Ca2* (300 pM), similar to 
root elongation, had positive effect on shoot length. 
Excess concentration of Ni2* in the growth medium of 
plants competes with other essential metals, such as potas-
sium and iron, causing their deficiency and oxidative stress. 
These resulted in the decrease of the chlorophyll biosynthesis 
and the damage of the photosynthetic system (Buchanan et al. 
2002). The visible effects of these changes, observed in our 
study, were chlorosis of leaves and a reduction in the biomass 
(FW) of shoot and root tissues. Ca2* addition improved the 
effect of Ni2* on the cultivars of tomato, especially on Cal-J 
N3 cultivar. When tomato cultivars have grown in hydroponic 
media containing Ni2*, the plants under stress showed the 
effects of Ni2* toxication that increased in severity. At high 
Ni2* concentration (300 pM), the leaves appear yellow and 
have necrotic edges. The amount of chlorophyll a and a+b 
is an indication of plant stress and they increase in line with 
the level of stress. During oxidative stress resulted after Ni2* 
toxication, the decrease of chlorophyll b occurs first, due to 
its higher redox potential compared to chlorophyll a (Stearns 
et al. 2007). Our data showed that chlorophyll (a+b) pig-
ment content significantly increased under Ca2* treatment in 
unstressed conditions (Fig. 4 A-C). On the other hand, this 
pigment increasing shows that leaf growth and expanding 
can depend on Ca ion. In this condition, the accumulation of 
malonaldehyde (MDA) from the cell membrane decreased 
the oxidative stress. In our research, Ca2* and His could not 
decrease MDA content in leaves of Cal-J N3 cultivar under 
Ni2* stress, but the effects of Ca2* and His were observed on 
MDA, which caused decreasing in the other two cultivars, 
especially on the leaves of Petoearly CH (data not shown). 
Metabolic stress caused by Ni2* may result in decreasing 
plant growth (Epron et al. 1999; Dodd and Donavan 1999). 
Cellular events, such as ion compartmentation and osmotic 
adjustment in tolerant plants may allow continuous growth 
in the presence of toxic ions (Volkmar et al. 1998). Proline 
accumulation may be a general response to toxic ion stress 
(Fig. 6 A-F). Many investigators found the accumulation of 
amino acids, especially proline in plants exposed to stress, 
such as salinity, heavy metals, etc. Proline accumulation may 
contribute to osmotic adjustment at the cellular level (Perez 
Alfocea et al. 1993). Proline may act as an enzyme protectant, 
stabilizing the structure of macromolecules and organelles. 
Proline also acts as a major reservoir of energy and nitrogen 
upon exposure to Na ions. Energy for growth and survival 
may help in tolerance of salt stress in barley (Chandrasekhar 
and Sandhyarani 1996). 
In our research, Ni stress increased the proline content 
in the tomato plants in all cultivars. Proline content was 
also high in the presence of Ni2* without Ca2* and His in all 
tomato cultivars compared to the control. Addition of CaCl, 
together Ni2* caused increased proline oxidase activity in the 
plants under stress (Chandrasekhar and Sandhyarani 1996). 
Under some combined Ni2* and Ca2* treatments, the proline 
concentration was lower in the tomato cultivars than that of 
the control (Fig. 6 A-F). 
Free amino acids (FAA), such as glycine-betaine act as an 
osmotic substrate. In different plants, an increase in glycine-
betaine under stress can be observed (Sudhakar et al. 1993). 
Subcellular compartmentation of glycine-betaine biosynthe-
sis in rice is important for increased toxic ion Na tolerance 
(Sakamoto et al. 1998). To draw conclusions from proline and 
FAA determination, we can say that both proline and FAA 
production were promoted by Ni stress in the tomato culti-
vars. Adding Ca2* (300 pM) to hydroponic system leads to a 
decrease in the concentration of these two osmoprotectants. 
The proline oxidase activity is promoted, while the activity of 
y-glutamyl kinase is decreased by Ca and proline synthesis 
(Girija et al. 2002). Because Ni is chelated by histidine, it 
does not take effect on proline biosynthesis pathway. 
Treatments with low concentration of heavy metals, 
such as Cu, Ni and Cd exhibit an increase in the amounts of 
total carbohydrates in the root of the plants, and its reverse 
is true at treatments with high concentrations (Deef 2007). 
Heavy metal stress affects the enzyme activity by reducing 
the antioxidant glutathione pool and affecting the iron me-
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diated defence processes (Pinto et al. 2003). Heavy metal, 
such as Ni toxication greatly impaired not only the decrease 
of soluble sugars, but also their translocation from the root 
to the shoot (Kuriakose and Prasad 2008). Hopkins (1995) 
reported that the moderate levels of heavy metals generally 
play an important role in plant growth and productivity. They 
act as activators or co-factors in all vital processes, but rela-
tively elevated level of heavy metals induced harmful effects 
on all physiological processes of plants (Bonnet et al. 2000). 
Our experimental data showed that 150 pM Ni2+ treatment 
increased sugar accumulation in shoot of Cal-JN3 and Early 
Urbana Ycultivars in comparison to the control. At the same 
time, the carbohydrate content decreased in root of Early 
Urbana Y and Petoearly CH cultivars under 150 and 300 pM 
Ni2+ stress. It seems that sugar translocation occurred from 
the root to the shoot as the sugar content in the roots of the 
tomato plants was declined (Bonnet et al. 2000). 
The accumulation of Cd and Cu in bark decreased with 
increasing addition of Ca2+. Ca2+ has earlier been found to 
reduce the absorption, uptake, translocation and/or accumula-
tion of different plants (Kawasaki and Moritsugu 1987). Thus, 
it has been demonstrated that putative tonoplast Ca2+/H+ anti-
porters encoded by calcium exchanger 1 (C AX 1) and calcium 
exchanger 2 (CAX2) from Arabidopsis are involved in the 
transport of heavy metals from the cytoplasm to the vacuole 
(Manohar et al. 2011). Another non-selective transmembrane 
transporter of Ca2+, the low affinity cation transporter (LCT1) 
is expressed in wheat, also appears to mediate Cd2+ transport 
into the cell (Clemens 2006). Moreover, interactions between 
Ca2+ and other elements, such as Mn, Cd, Zn, Ni and Fe, have 
been reported in lettuce (Zorrig et al. 2010). 
Thus, if the Ca2+ pool in the soil and nutrient media is 
decreased, the availability of heavy metals is increased. 
This may result in a deficiency of Ca2+ in plants caused by 
the competition for uptake, translocation and binding with 
heavy metals by interaction effect with ligands, which may 
negatively affect plant growth and nutrition (Osteras and 
Greger 2006). Instead, the bioavailability of Ca2+ is increased 
in the soil and nutrient media it may decrease the uptake and 
accumulation of toxic metals in plants, thereby, ameliorating 
the toxicity of heavy metals in growth parameters similar to 
our research. 
Our results suggest that Ca2+ and His interaction improved 
the growth of the tomato cultivars and K+ nutrition conclu-
sively. and decrease the Ni2+ toxication in tomato cultivars, es-
pecially in Cal-J N3 cultivar through reducing the detrimental 
effects of heavy metal via His and Ca2+ effects in the tomato 
plants. Our results also put forward for the first time that, 
plant growth promoting interaction effect between Ca2+ and 
His could alleviate the heavy metal, such as Ni stress induced 
in plants. Further investigations aimed at understanding the 
basic mechanism underlying Ca2+ (as a plant multifunctional 
nutrient) effects on plant growth and nutrition under heavy 
metal stress, and field trials are warranted at contaminated 
soils with Ni ions for study the growth changes and plant 
tolerance in these sites. 
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ABSTRACT Functional food products have become an important segment of food industry. 
They have been defined as products that provide physiological benefits or reduce the risk of 
chronic disease beyond primary nutritional functions. The continuous growth of functional food 
market is a consequence of the increasing interests for products that offering health benefits. 
The elaborations of new functional products lead to an increasing competition so that the con-
sumer acceptance of the new products is important. The sensorial analysis can provide essential 
information to obtain a good understanding of consumer food choice. Due to the bioactive 
compounds contained, vegetables juice can be a convenient medium for the development of a 
functional beverage. The present study is focused on the consumer acceptance of a fermented 
juice made from beetroot, carrot and celery. This juice has been inoculated with three probiotic 
strains: Lactobacillus acidophilus, Lactobacillus casei and Saccharomyces boulardii. After lactic 
fermentation, the functional beverage has been evaluated by trained panelists. All the data 
has been analyzed using Senpaq statistical software. Acta Biol Szeged 57(2):145-148 (2013) 
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The notion of functional food occurred from identification 
and understanding of potential mechanisms of biologically 
active compounds in food, which can reduce the risk of 
disease (Binns and Lee 2010). The definition of functional 
food proposed by EC Concerted Action on Functional Food 
Science in Europe (FUFOSE) is: "a food that beneficially 
affects one or more target functions in the body beyond ad-
equate nutritional effects in a way that is relevant to either 
an improved state of health and well-being and/or reduction 
of risk of disease". 
Consumer interest for potential health benefits of a proper 
alimentation has led to a growing importance of the rela-
tionship between diet, specific food ingredients and health 
(Bornkessel et al. 2014). The alimentation has a major influ-
ence on the human well-being, but today's consumers may 
not have the time to consume their optimal diet. Functional 
foods can provide a high concentration of ingredients in a 
proper form. 
The principal reason of consumers for purchasing func-
tional foods is the growing desire to use foods in prevention of 
chronic illnesses. Consumers consider that base product is the 
most important attribute in selecting of a probiotic functional 
food and prevention claim is the most valuable (Annunziata 
and Vecchio 2013). The functional products represent a sus-
tainable trend in food industry. Functional food market is 
growing worldwide and that increase the competition in this 
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field (Bigliardi and Galati 2013). The success of functional 
foods is correlated with consumer acceptance of the products 
as part of the daily diet (Annunziata and Vecchio 2011). 
Fermented dairy products are generally good food matri-
ces for development of functional foods, but the consumption 
of these products is limited due to growing vegetarianism and 
the large number of individuals who are lactose intolerant or 
on cholesterol-restricted diets (Martins et al. 2013). A clear 
orientation toward innovation in adopting a new model fol-
lowed by a complete strategy of following relevant knowledge 
and resources through more extensive structures may lead 
the course for innovative new functional food products in 
future (Khan et al. 2013). Developing new beverage based on 
vegetables, which can meets consumer demands and increase 
vegetable consumption are of major importance. New product 
development requires detailed knowledge of both the products 
and the customer choice (Prado et al. 2008). The responses of 
consumers to the sensory properties of beverage, like flavor, 
mouthfeel, aftertaste and odor, are determinant factor in deter-
mining the acceptance of innovative new products. Thus our 
study is focused to development of a new functional beverage 
using sensory analysis as a design tool. 
Materials and Methods 
Materials 
Vegetables juice used for this study was obtained from beet-
root, carrot and celery (in ratio 11:5:4). The vegetables were 
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Table 1. Experimental design. 
Sample Pro- Amount Amount Amount Amount 
por- of in- of L. aci- of L. of 5. 
tion oculum dophilus casei in- houlardii 
yeast / (Log inoculum oculum inoculum 
bacte- CFU/mL) (Log CFU/ (Log (Log CFU/ 
ria mL) CFU/mL) mL) 
1 0.6 7 0 4.38 2.62 
2 0.6 7 4.38 0 2.62 
3 0.2 5 2.08 2.08 0.84 
4 0.343 7 2.61 2.61 1.78 
5 0.6 4.1716 1.30 1.30 1.5716 
6 0.2 7 2.92 2.92 1.16 
7 0.0343 5 2.42 2.42 0.16 
8 1.1657 4.1716 0.96 0.96 2.2516 
9 0.6 4.1716 2.61 0 1.5616 
10 0.6 4.1716 0 2.61 1.5616 
Table 2. Results of experimental design for all samples after 
fermentation. 
Sample Proportion 
yeast /bacteria 
Amount of bacte-
ria inoculum 
(Loq CFU/mL) 
Amount of yeast 
inoculum 
(Loq CFU/mL) 
1 0.94 9.48 8.95 
2 0.85 9.30 7.90 
3 0.99 8.30 8.23 
4 0.89 8.95 7.98 
5 1.09 7.70 8.38 
6 0.96 8.90 8.54 
7 0.86 8.40 7.20 
8 1.01 7.57 7.64 
9 1.14 7.00 8.00 
10 1.03 8.48 8.77 
purchased from a local market. After the preliminary opera-
tions like washing, peeling and slicing, the vegetables were 
juiced with a centrifugal juicer provided by Philips. 
Freeze dried Lactobacillus acidophilus LA-5 and Lac-
tobacillus casei 431 were obtained from CHR Hansen SRL 
(Brasov, Romania) and directly used as starter culture. Sac-
charomyces houlardii was obtained from Biocodex Laborato-
ries (Montrouge, France). Samples were inoculated by adding 
bacteria and yeast in different proportion and incubated at 
37°C. The fermentations were carried until the pH value of 
4.6 was reached (after ca. 6-8 h) and stopped by quick cool-
ing. All samples were stored under refrigerated conditions 
for 7 days. 
Sensorial analysis 
Sensory profiles of 10 samples were evaluated in laboratory, 
by the trained panel of five assessors using the preferential 
method that is an affective method (Lea et al. 1998). Ferment-
ed juice was served in 100 mL portions in white polystyrene 
cups, labeled randomly with selected codes. These portions 
were served at room temperature (ca. 20°C) to better differen-
tiate odors and flavors and facilitate the characterization and 
comparison of each sample. The samples were evaluated on 
the perceived intensity of 7 attributes (odor, acidity, flavor, 
mouthfeel, aftertaste, color, general aspect). Subjects evalu-
ated samples on 0-5 line scales anchored at 0 'not at all' at 
the left end and 5 'very' at the right end. 
Statistical analysis 
The Unscrambler X software v. 10.1 (CAMO Software, Nor-
way) was used for the experimental design (Table 1). Intensity 
ratings were collected and Principal Component Analysis 
was performed using SENPAQ 4.7 (QiStatistics, UK, 2008). 
PCA is a multivariate statistical method applicable, where 
there are common descriptors, and enables the visualization 
of the data in a two- or three-dimensional space, enabling the 
identification of which samples were the most different and 
which sensory descriptors were predominantly responsible for 
those product differences (Mavrommatis et al. 2011). 
R e s u l t s a n d D i s c u s s i o n 
After fermentation of vegetables juice the total CFU for 
bacteria and yeast was counted (Table 2). A good viability of 
samples inoculated with L. casei was found compared with 
that inoculated with L. acidophilus. All the samples were ac-
cepted by the panelists. An important factor that influences 
negatively the attributes of samples was the acidity caused 
Table 3. Average intensity scores of all attributes generated by the sensory panel of all samples. Averages in the same row followed 
by the same letter are not significantly different at a level of 5% significance. 
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9 Sample 10 
General aspect 3.4 3.8 3.6' 4.0' 4.2' 4.0' 3.4 3.8' 3.2' 3.4 
Color 4.0' 4.2' 4.2' 3.6 4.6 4.4 4.0' 3.8» 3.6 3.4 
Odor 2.4b 3.0'b 2.4" 3.4" 4.0» 3.8 4.2» 3.4" 3.8' 3.6»" 
Acidity 2.4" 1.8s 2.6 s 3.2" 3.4 3.0" 2.8»" 3.2" 2.2" 3.6 
Flavor 2.2s 3.0"* 2.4" 3.4abe 3.4"* 3.6"* 4.0» 3.6"* 2.6"* 3.8" 
Mouthfeel 2.8' 2.6 2.4" 3.8 3.4" 3.0' 2.8' 3.2' 2.6 3.8* 
Aftertaste 2.4s 3.0" 2.6 4.2 3.6" 3.2" 2.8" 3.8" 2.8" 3.2" 
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by lactic fermentation of vegetables juice. These results are 
similar with observation of Oztiirk et al. (2013). 
All the samples were evaluated by trained panelists and 
average ratings for all samples and attributes are represented 
in Table 3. The samples inoculated with L. acidophilus ob-
tained a better score at attributes odor and color compared 
with samples inoculated with L. casei. Samples with L. casei 
were perceived more acid and the mouthfeel was better that 
the samples inoculated with L. acidophilus. The color scores 
were highest as compared to mouthfeel, odor, acidity, after-
taste and general aspect of the samples. These observations 
are similar to that of Daneshi et al. (2013). 
As we can see in Figure 1, a good correlation between 
mouthfeel and acidity of samples was observed. The corre-
spondence found between attributes mouthfeel and aftertaste 
was equal with that between flavor and odor (0.77). A negative 
correspondence between color and all other attributes except-
ing general aspect of samples was observed. 
The best average score was obtained by samples inocu-
lated with 1.3 log CFU/mL L. acidophilus, 1.3 log CFU/mL 
L. casei and 1.5716 log CFU/mL 5. boulardii (Sample 5). 
Samples inoculated with L. acidophilus and L. casei had 
obtained a better average intensity scores towards samples 
inoculated with one of the strains. The best scores for at-
tributes general aspect and color were obtained by sample 
5 (Fig. 2). The best mouthfeel and aftertaste were given by 
sample 4. Sample 10 had the best score for attribute aroma. 
Reddy et al. (2013) were obtained in beetroot fermented juice 
higher scores for attributes flavor and color than the scores 
obtained in our study. The color of the samples achieved a 
lower score (3.4-4.6) compared to the scores of fermented 
multi-vegetables juice (4.5-4.83) obtained by Radyko et al. 
(2006) after 7 days of storage. 
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Figure 1. Correspondence between all attributes of samples. 
These data were then subjected to principal component 
analysis (PCA) and the first two principal components ex-
plained 75.4% of the variance as shown in Figure 3. These 
results show that the use of variables is adequate for sensorial 
evaluation of fermented juices. Principal component PCI had 
high loadings on all attributes scores, except color. PC2 had 
positive loading for color attribute. The bi-plot scores for all 
samples on the two components were also projected. The 
samples in the right quadrants were the most liked and were 
rated as being acceptable for consumers. The positive part of 
Figure 3. PCA-Bi-plot showing sample mean scores in relation to the 
attr ibute loadings on the first two principal components. Ellipses 
Figure 2. Star d iagram for all attributes and samples. indicate sample confidence intervals. 
•Sample 1 ^••Sample 2 Sample 3 ^ '̂̂ »»Sample 4 «"Sample 5 
•Sample 6 «••^•Sample 7 ^^^"Sample 8 Sample 9 Sample 10 
General_Asp e ct 
Flavor 
Mouthfeel Color 
Odor 
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PC 1 and the negative part of PC2 reflected the acid variable. 
This observation is correlated with the results obtained by 
Karovicova and Kohajdova (2002). 
Conclusions 
Sensory analysis is an important instrument for development 
of new functional products. It can provide a clear understand-
ing of product characteristics, increases researcher confidence 
in product quality and it identifies the sensory attributes ac-
cording to consumer preference. Our study demonstrates that 
affective (subjective) test can give significant information for 
development of new products. Application of principal com-
ponent analysis can selected the most important variables an 
increase the accuracy of sensorial evaluation. Acceptability 
of products had a major relevance on the functional products 
market, where the competition is in a continuous growing. 
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ABSTRACT Silver and copper ions are widely used as antibacterial agents but the basic 
molecular mechanism of this effect is still poorly understood. The analysis of our investigation 
gives clear indications that A g ' d o react with the bacterial cells and do not stay as silver In the 
system. Significant lower silver cysteine content coupled with higher silver histidine content in 
Gram-positive cells indicate that the peptidoglycan multi-layer could be buffering the biocidal 
effect of silver for the Gram-positives at least in part. Interaction with DNA or proteins can occur 
through Ag-N bonding. The formation of silver cysteine can be confirmed for both bacterial 
cell types which thus supports the hypothesis that enzyme catalyzed reactions and the electron 
transport chain within the cell is disrupted. The antibacterial property of copper is attributed 
mainly to adhesion with bacteria because of their opposite electrical charges, resulting in a 
reduction reaction at the bacterial cell wall. Nanoparticles with a larger surface-to-volume ratio 
might provide more efficient means for antibacterial activity. First results suggest that copper 
ions do not react Compared to Silver ions. Acta Biol Szeged 57(2):149-151 (2013) 
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The antimicrobial properties of silver and copper ions were 
known since ancient times, but although silver ions (e.g. 
silver nitrate) and silver nanoparticles are already widely 
used for various antibacterial purposes, the exact antibacte-
rial mechanism has not yet been elucidated. An in situ tool 
for speciation analysis on an atomic/ molecular level such as 
X-ray absorption near edge structure (XANES) spectroscopy 
is the method of choice. XANES allows not only the determi-
nation of the valence of an excited atom but also gives infor-
mation about type of neighboring atoms. In a previous study 
(Bovenkamp et al. 2013) the antibacterial effect of silver on 
three types of bacteria. Staphylococcus aureus, Escherichia 
coli, and Listeria monocytogenes was investigated. Ag Lu-
edge XANES spectra of the different bacteria confirm that a 
reaction occurs after the application of silver ions in solution 
(e.g. from silver nitrate). Silver bonding to Ag-S in cysteine 
and Ag-N or A g - 0 bonding in histidine, alanine, and DL-
aspartic acids was detected using synthesized silver-amino 
acids as reference compounds for linear combination fitting 
(LCF) analysis. The aim of the present study is to analyze 
the molecular reactions of selected food-relevant bacteria 
on copper ions. The antibacterial properties of copper are 
attributed mainly to adhesion on bacteria because of their 
Accepted April 5, 2014 
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opposite electrical charges, resulting in a reduction reaction 
at the bacterial cell wall. 
Materials and Methods 
Materials 
Bacterial strains: Staphylococcus aureus DSMZ 2569, Es-
cherichia coli DSMZ 1103, and Listeria monocytogenes 
DSMZ 20600. 
Medium: Yeast-Peptone-Dextrose broth (Difco Becton 
Dickinson, Franklin Lakes, NJ, USA). 
Reference compounds / chemicals: copper-I-acetate , 
copper-II-acetate, and copper nitrate were purchased from 
Sigma-Aldrich (St. Louis, MO, USA). 
Cultivation of the bacteria and sample 
preparation 
S. aureus DSMZ 2569, E. coli DSMZ 1103, and L. mono-
cytogenes DSMZ 20600 were grown in a shaker (100 rpm) 
for 24 to 48 h at 30°C in YPD. Bacteria were washed with 
sterile deionized water and centrifuged twice. The bacteria 
were diluted to 106 CFU/mL with sterile deionized water (to 
avoid chemical reactions of silver or copper ions with me-
dium contents). Then 50 pL of a 0.1 M stock solution (e.g. 
copper acetate) was added to 1 mL cell culture (about to 106 
CFU/mL). The samples were incubated at 20°C for 10 min 
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Figure 1. Copper K-edge XANES spectra of copper reference compounds 
a) copper-ll-acetate solution, b) copper-ll-acetate, c) copper-l-acetate 
solution, d) copper-l-acetate. 
Energy (eV) 
Figure 2. Copper K-edge XANES spectra of Cu*-acetate solution (•••) 
and L. monocytogenes cells treated with Cu*-acetate (—). 
in darkness and then washed again with 0.5 mL deionized 
water to remove unreacted silver or copper compounds. About 
20 pL cell material was put on filter paper and attached to 
Kapton tape. These samples were dried in darkness for 1 to 
2 h. A control set was prepared as described above without 
adding copper-containing solutions. Samples for XANES 
analysis were prepared and handled according to Prange et 
al. (2002). 
Experimental XANES spectroscopy 
Cu //-edge XANES spectra were recorded at the Double 
Crystal Monochromator (DCM) beamline of the Center for 
Advanced Microstructures and Devices (CAMD), Louisiana 
State University. Baton Rouge, LA, USA (Hormes et al. 
2006) and at the beamline of the Angstromquelle Karlsruhe 
(ANKA). The monochromators were equipped with Ge(220) 
and Ge(422) crystals, respectively. Measurements of the 
bacterial samples were performed in fluorescence mode to 
record the fluorescence photons and an ionization chamber 
for the incident photons with ambient pressure at the Cu K-
edge inside the ionization chambers and sample chambers. 
Measurements of reference compounds were performed in 
transmission mode. For energy calibration of the copper 
spectra, the spectrum of elemental copper was used as a stan-
dard. Data were normalized and analyzed with the ATHENA 
program of the IFFEFIT package (Ravel and Newville 2006). 
The error of the percentage contributions for the compounds 
in the linear combination fitting (LCF) results can be esti-
mated to ± 10%. 
Results and Discussion 
Cu /(-edge XANES spectra of bacteria without the application 
of copper ions reveal that there is a small amount of copper 
(10-100 ppm) present in all bacteria samples (data not shown). 
This is not suprising since copper is an essential nutrient for 
all life. After the application of Cu-I-acetate solution or Cu-
Il-acetate solution (reference spectra see Figure 1) the Cu K-
XANES spectra of the bacterial samples (data not shown) do 
not always show clear differences to the initial solution which 
was the case after the application of silver ions (Bovenkamp et 
al. 2013). For example the Cu /(-XANES spectra of L. mono-
cytogenes treated with Cu-I-acetate in comparison with the 
spectra of pure Cu+-acetate solution show some differences 
(Pre-edge and White Line) which confirm that a reaction 
occurs (Fig. 2). However, the spectra are quite similar in the 
energy positions of peaks and shape resonances. The reason 
for the high similarity of the most spectra of bacteria to the 
solutions can be a reaction of copper with water molecules 
(complex formation).The Cu.(OH)y complex might passivate 
the reactivity of copper. The high reactivity of Cu with water 
(also depending on the pH) is well known (Kruck and Sarkar 
1973) and studied with XANES (Mesu et al. 2006). This also 
complicates the synthesis of copper amino acids as reference 
compounds. The application of copper ions using copper 
nitrate solution on the other hand resulted in much more 
pronounced differences of bacterial cell spectra and spectra 
of initial solution (will be published later). The mechanism of 
action of the copper ions is not yet fully understood. Detailed 
research and comparative study of strain-specific variability 
is required to determine the bactericidial efficiency. 
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ABSTRACT The effect of four common anesthetics on the spontaneous and evoked activity 
of the somatosensory cortex and on hind paw withdrawal reflex was studied in rats in acute 
preparation. The aim was to determine to what extent the choice of anesthetic and the depth 
of anesthesia may interfere with the effects of agents tested in such a system. Electrical activity 
was recorded on the dura surface after opening the skull, from the primary projection area of the 
whiskers which were stimulated electrically. Defensive reflex was elicited by manually pinching 
the toes of the left hind paw. Anesthesia was initiated with chloral hydrate or ketamine-xylazine, 
and continued with urethane or thiopental and then urethane. In the spontaneous cortical activ-
ity, delta band power was in strong correlation with the depth of anesthesia. Anesthesia also had 
a clear effect on the amplitude, but not on the latency, of the somatosensory evoked potential. 
Under effect of chloral hydrate the shape of the evoked potential was different from that seen 
under ketamine-xylazine or urethane. The results showed that properly chosen electrophysi-
ological parameters can reliably indicate the depth of anesthesia, and that choice of anesthetic 
and level of anesthesia may effectively interfere with the effects of tested substances 
Acta Biol Szeged 57(2):153-160 (2013) 
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In spite of all development of in vitro and in silico methods 
in the last decades, in vivo animal experimentation remains 
a fundamental tool of pure and applied biomedical research. 
In performing animal experiments with invasive measures, 
however, appropriate anesthesia is necessary for both ethical 
and practical reasons. Anesthesia in animal experiments is 
regulated at national and international level, e.g. in Article 14 
of Directive 2010/63/EU (European Union 2010). 
The way of action of all anesthetics includes interference 
with the functioning of the central nervous system - but that 
means that the „control" state of the animals in a particular 
experiment, before giving any test substance, is to some 
extent non-natural. This is inevitable and has to be taken in 
consideration when evaluating and interpreting the results, 
but in order to be able to do that, the own effects of the an-
esthetics need to be described. In this work, four parenteral 
anesthetics, used commonly in work with animals - urethane, 
chloral hydrate, ketamine-xylazine mixture and thiopental -
were investigated. 
Urethane is (or, mainly, used to be) a preferred anesthetic 
in animal experimentation because of its long-lasting effect 
without major depression of vital functions (Maggi and Meli 
1986). Some reports identified the increase of inhibition via 
GABA a and glycine receptors, and decrease of glutamatergic 
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excitation, as its chief mechanism of action (Hara and Harris 
2002) while Maggi and Meli (1986) and Sceniak and maclver 
(2005) found only minor effect on GABAergic inhibition. Its 
effect is long-lasting (24 hours or longer) making it suitable 
primarily for terminal anesthesia. Urethane is being phased 
out from laboratory use mainly because of its human toxicity 
(IARC 1974: Koblin 2002). 
Chloral hydrate, also known as trichloro acetaldehyde, 
was used also as a human anesthetic but is regarded today 
as obsolete because of its toxicity and its narrow therapeutic 
range (Pershad et al. 1999); the narrow range is a problem 
also in animals (Murray et al. 2000). It is, in fact, a prodrug, 
metabolized to trichloro ethanol which acts as a G A B A . 
agonist (Lu and Greco 2006). Narcosis induced by chloral 
hydrate lasts up to 2 hours, an advantageous length, but the 
substance causes atonic ileus if injected intraperitoneally in 
concentration over 5% (Davis et al. 1985). 
Ketamine is frequently used in human medicine (in con-
trast to the above two agents) first of all in children and in 
deteriorated patients. It is also common in veterinary practice 
and in animal experimentation. Ketamine is primarily a non-
competitive antagonist of NMDA receptors, acting on a bind-
ing site within the open pore of the receptor-channel complex 
(Bergman 1999). At the dose causing complete anesthesia, it 
also acts as central muscarinergic as well as alpha- and beta-
adrenergic agonist. An alternative hypothesis says that ket-
109 
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Figure 1. Timelines of the four protocols (CLH- URE, CLH-THIO - URE, KEX - URE, KEX-THIO-URE) used in the experiments. T h e t ime passed 
between injecting the first anesthetic (CLH or KEX) and preparing the scull for recording (P) was ca. 10 min; between P and the first recording 
session (1), 30 min were left; and between t w o subsequent recordings, 20 min. 
amine blocks the hyperpolarization-activated neuronal cation 
channels, making cortical neurons tend to sleep-like rhythmic 
activity (Carr et al. 2007). For use in lab animals, ketamine is 
often combined with xylazine, an adrenergic agonist. 
Pentobarbital was once a frequently used short-acting 
barbiturate for lab animals. Now, however, it is a restricted 
drug according to Schedule III of the UN Convention of 
Psychotropic Substances (United Nations 1971). Thiopental 
is a viable alternative with similar pharmacological proper-
ties (and its main metabolite is pentobarbital itself: Raj et 
al. 2011). Being a barbiturate, it acts on a distinct site of 
the GABA a receptor complex to enhance the efficacy of 
GABAergic inhibition (Twyman et al. 1989). Beyond short 
action, it is also important to remember that lower doses of 
thiopental induce narcosis without analgesia. 
In the experiments presented here, two or three of the 
above mentioned anesthetics were given to rats one after 
another (see Fig. 1), and the changes in spontaneous and 
stimulus-evoked cortical electrical activity, and in peripheral 
defensive reflex (hind paw withdrawal on toe pinching, as a 
measure of the anesthetic action) were investigated in paral-
lel. 
Materials and Methods 
Adult male Wistar rats (280-350 g body weight) were used, 
obtained from the breeding centre of the university. The 
animals were housed in an air conditioned animal room, 
maintained at 22°C, with 12-hour light/dark cycle (light on 
at 06:00) and free access to tap water and standard rodent 
chow. 
The effect of the anesthetics was tested using the doses 
given in Table 1: the corresponding protocols are presented 
in Figure 1. The doses were based on the literature sources 
given in Table 1 and on previous own experience; and the time 
span of observing the effect of one anesthetic (i.e. number of 
recording sessions, see below) on the typical length of action 
of each drug seen previously in comparable experiments. The 
maximal length of one experiment (15 x 20 min, that is, 5 
hours) was in line with the experience (Pecze et al. 2005) that 
after anesthesia of such length the rats' general state starts to 
deteriorate. In each protocol, 8 rats were finally evaluated. 
The rats were prepared for electrophysiological record-
ing under anesthesia by the first agent (CLH or KEX). The 
animal's head was fixed in a holding frame, and the left hemi-
sphere was exposed by opening the bony skull. Lidocaine 
(10% spray; EGIS, Hungary) was applied on the wounds, and 
the exposed dura was protected by a thin layer of petroleum 
jelly. The rat was put aside for a 30 minutes recovery, covered 
in a warm cloth, and was then transferred to the recording 
setup. Normal body temperature was maintained here by 
Table 1. Doses of the anesthetics applied. 
Anesthetic Dose applied in 
this work (mg/kg 
b.w., ip.) 
Reference for 
dose 
Urethane (URE) 1000 
Chloral hydrate (CLH) 400 
Ketamlne+xylazine (KEX) 100+8 
Thiopental (THIO) 30 
Mook (2006) 
Field et al. (1993) 
Farkas et al (1999) 
Wixson (1994) 
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Figure 2. Top: t ime course of ECoG band power (left ordinate) and hind foot withdrawal reflex intensity (right ordinate) in rats treated using the 
CLH - URE (A) and CLH - THIO - URE (B) protocols (for the protocols, see Fig. 1). Recording sessions fo l lowed in 20 min intervals. The presented 
values are means, error ranges are omitted for clarity. Bottom: the corresponding correlation diagrams of reflex intensity and ECoG band pow-
ers (CLH - URE protocol, C; CLH - THIO - URE protocol, D). For substantial correlations, the trend line and its equation is given. Corresponding 
trend lines and equat ion boxes have the same line style (delta, solid; beta l , dotted; beta2, dashed), significant correlation (F>0.05 from Fisher's 
test included in "l inear f i t") is marked with * in the equation box and the data point symbols are enlarged. 
the support plate thermostated to 36.5°C. A ball-tipped (tip 
diameter ca. 0.6 mm) silver wire electrode was placed on the 
primary somatosensory (SS) projection area of the whiskers 
("barrel field": Waite 2004); there, punctum maximum of the 
evoked potentials (EPs) was found by moving the electrode as 
necessary. The indifferent electrode was a stainless steel clip 
placed on the cut skin surface. In a recording session, first the 
spontaneous activity (electrocorticogram, ECoG) was taken 
for 6 minutes. Then, sensory cortical EPs were recorded by 
stimulating the contralateral whisker pad with square electric 
pulses (3-4 V; 0.05 ms; 1 Hz), given in one train of 50 stimuli 
through a pair of hook-shaped steel electrodes inserted ca. in 
the middle of the uppermost row of whiskers. This recording 
session was repeated every 20 minutes. All cortical activity 
was amplified (104x, low- and high-pass filters set to 1.6 and 
1000 Hz), digitized (at 4096 Hz) and stored on PC. 
From the ECoG records, the relative spectral power of 
the frequency bands (delta, 0.5-4 Hz; theta, 4-7 Hz; alpha, 
8-13 Hz; betal, 13-20 Hz; beta2, 20-30 Hz; gamma, 30-50 
Hz: Kandel and Schwartz 1985) was determined automati-
cally by the software used by means of FFT analysis. The 
recorded EPs were averaged. On the averaged curve, the 
latency and amplitude data of specific points were measured 
manually. Latency was measured between stimulus artifact 
(point"0") and the points numbered 1 to 6, and amplitude 
between opposed peaks of the main waves (see Fig. 4). The 
complete electrophysiological recording and analysis was 
done by means of the Neurosys 1.11 software (Experimetria, 
Budapest, Hungary). 
The depth of anesthesia was determined on a semiquan-
titative scale based on the defensive reflex response elicited 
by a strong pinch to the toes of the hind paw (as described in 
Zandieh et al. 2003). The pinch was applied once before and 
after each recording session (this was infrequent enough to 
avoid habituation) and the grade observed, or the mean of the 
two grades if it was different before and after, was assigned to 
the session in question. No or minimal response was grade 0; 
weak response (one faint movement), grade 1; moderate re-
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Figure 3. Top: time course of ECoG band power and hind p a w withdrawal reflex intensity in rats treated using the KEX - URE (A) and KEX -
THIO - URE (B) protocols. Bottom: the corresponding correlation diagrams of reflex intensity and ECoG band powers ( K E X - URE protocol, C; 
KEX - THIO - URE protocol, D). The same display as in Figure 2. 
sponse (one explicit movement), 2; vivid response (one strong 
movement or repeated weaker ones), 3; and strong response 
(repeated powerful movements), 4. On reaching grade 4, the 
next anesthetic in the protocol was administered forthwith. 
For evaluation, all data - response grade (reflex intensity), 
ECoG band powers, EP latency and amplitude values - were 
averaged for whole groups (n=8) session by session; and 
were plotted against recording session number (i.e., against 
time, see Fig. 1). Amplitude, and to a lesser extent, latency, 
of the EP was variable among the rats within a group, so that 
these values were first normalized to the mean of the values 
measured during the effect of the first anesthetic (that is, for 
the mean of sessions 1 to 5 in the CLH - URE protocol, of 
sessions 1 to 4 in the CLH - THIO - URE protocol, and of 
sessions 1 and 2 in both protocols starting with KEX). These 
plots then showed the time course of depth of anesthesia 
(response intensity) and the above mentioned electrophysi-
ological parameters while the effect of the anesthetics was 
developing and fading out. Relationships suggested by the 
time courses were tested by means of correlation plots and R : 
values, calculated with the "linear fit" function of MS Excel. 
This function uses the least squares method to fit a straight 
line to the measurement data, and examines the strength of 
relationship with Fisher's F test. The value of R : (determina-
»1/2 KEX J L J 
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Figure 4. Typical examples of the somatosensory cortical e v o k e d 
potential recorded according to the KEX-THIO - URE (left) and CLH 
- THIO - URE (r ight) protocols. Latency of the specific points (marked 
with number ing) was measured f rom the stimulus artifact (point 0); 
main wave peak-to-peak amplitudes were measured between points 
2-3, and 5-6. Positive deflection is upwards. 
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Figure 5. Top: t ime course of the EP main wave amplitudes (left ordinate) and hind paw withdrawal reflex intensity (right ordinate) in rats 
treated using the KEX- URE (A) and KEX- THIO - URE (B) protocols. Recording sessions fo l lowed in 20 min intervals. The presented values are 
means, error ranges are omitted for clarity. Bottom: the corresponding correlation diagrams of reflex intensity and EP amplitude (displayed as 
in Fig. 2: amplitude 1, l ight symbols and dotted line; amplitude 2, dark symbols and solid line), significant correlation (F>0.05 from Fisher's test 
included in "l inear f i t") is marked with * in the equation box. 
tion coefficient) shows to what extent the variability of one 
(here: electrophysiological) parameter is explained by the 
other one (here: depth of anesthesia). 
In the course of the whole study, the principles of the 
Ethical Committee for the Protection of Animals in Research 
of the University were strictly followed. 
Results 
Effects of the anesthetics on the 
elect rcorticogram 
CLH - URE, CLH - THIO - URE protocols: As seen in Fig. 
2A, reflex intensity gradually increased - that is, the depth of 
anesthesia achieved by CLH gradually decreased - in the first 
ca. 1.5 hours of these experiments. In parallel with that, ECoG 
delta activity decreased while beta and gamma activity in-
creased. On administering URE, deep anesthesia was reached 
again after ca. 40 minutes and remained stable, and the shift 
in the ECoG band powers was reversed. Reflex intensity was 
quite strongly and significantly correlated with ECoG delta, 
betal and beta2 activity (Fig. 2C). In the CLH-THIO-URE 
protocol (Fig. 2B. D) the same effects were observed but the 
short action of THIO was also obvious. 
KEX- URE, KEX- THIO - URE protocols: The action of 
KEX was short, so that reflex intensity became high (ca. 3.5) 
already at the 2nd recording session and a booster dose of KEX 
(1/2 of the original dose) had to be injected. The effect of this 
booster is clearly reflected in Fig. 3A. ECoG delta activity 
showed strong, significant correlation to reflex intensity, but 
for betal and beta2, R2 values were lower (in contrast to the 
protocols with CLH: Fig. 3C). In the KEX - THIO - URE 
protocol, the time course of reflex intensity was similar to that 
seen with CLH - THIO - URE, but ECoG changes were less 
clear (Fig. 3B). Correlations were poor for the whole course 
of this protocol (hence, no trend lines are given in Fig. 3D) 
Changes in the cortical evoked potential 
In the rats anesthetized using the KEX - URE and KEX -
THIO - URE protocols, the general shape of the cortical 
EP (Fig. 4) was identical to that seen in earlier experiments 
(Pecze et al. 2005; Takács et al. 2009) performed under pure 
URE anesthesia. Latency and amplitude values, determined by 
means of the specific points defined in Methods and marked 
in Figure 4, showed that presence of various anesthetics and 
depth of anesthesia had much more weak and inconsistent 
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effect on the latencies of the EP than on its amplitude. The 
time course curves of Figure 5A and C also show that EP 
amplitude did not follow the changes of depth of anesthesia 
before and after the KEX repeat dose. Regarding the whole 
course of the protocols it can be stated all the same that the 
amplitude of the first wave (Y axis difference of points 2 and 3 
in Figure 4) showed less strong correlation to reflex intensity 
(depth of anesthesia) than that of the later wave (difference 
of points 5 and 6). 
When anesthesia was initiated using CLH (CLH - URE 
and CLH - THIO - URE protocols) the cortical EP had a 
different shape (Fig. 4); it was dominated by a very early 
sharp wave (sometimes present also under KEX or URE in 
rudimentary form) while the later parts were diminished. As 
the effect of CLH gradually subsided and that of URE set in, 
the shape of the EP was closer to that seen in the KEX - URE 
protocol but the unusually high and sharp early phase often 
remained. The parallelism between depth of anesthesia and 
EP amplitude was generally less strong than in case of KEX 
(Fig. 6). 
Discussion 
Spectral composition of the ECoG and amplitude of SS EP 
both showed a clear, monotonous, and mostly significant re-
lationship to the intensity of the defensive reflex (withdrawal 
of hind paw on toe pinching). Such a relationship, and its po-
tential use to monitor the depth of anesthesia, has repeatedly 
occurred in the literature. Field et al. (1993) tested CLH (300-
450 mg/kg b.w.), URE (1.2-1.5 mg/kg b.w.) and pentobarbital 
(40 mg/kg b.w.) on rats, and found that the toe pinch response 
disappeared permanently under URE, but only for ca. 1 hour 
under CLH. and not at all under pentobarbital (experience 
from our lab also showed that THIO alone cannot produce 
surgical level anesthesia). The time course of the likelihood 
of response on toe pinch in rats treated with URE or CLH 
was similar to our curves of response intensity, indicating 
that both would be reliable measures of depth of anesthesia. 
In human volunteers receiving ketamine, subjective pain 
rating and amplitude of the cortical evoked response on a 
non-noxious galvanic stimulus changed in parallel (Kochs et 
al. 1996) and the authors mentioned the usability of evoked 
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response recording to assess the depth of anesthesia (our re-
sults, however, are at variance with this statement). According 
to other sources (Horn et al. 2009) only sophisticated joint 
analysis of EEG and auditory EPs of patients might provide 
a reliable indicator of level of anesthesia. The influence of 
anesthetic depth on the vibrissa-cortex transmission in rats, 
more exactly the shrinking receptive field of VPM thalamic 
neurons with deepening anesthesia (indicated by decreasing 
dominant ECoG frequency) is another clear illustration why 
and how the knowledge about the actual level of anesthesia 
in animal experimentation is a primary concern (Friedberg 
et al. 1999). 
The artificial sleep in general anesthesia results from the 
imbalance between neuronal excitation and inhibition, in-
duced by the drug applied. Most anesthetics are GABAergic 
agonists (URE : Hara and Harris 2002; CLH. Lu and Greco 
2006). Suppression of glutamatergic excitation is also of 
importance, present in the action of CLH and URE (Kreuter 
et al. 2004) and being crucial in the action of KEX (Bergman 
1999). Neurons of the thalamic reticular nucleus inhibit, by 
a GABAergic mechanism, thalamic pacemaker neurons, the 
slowed rhythm of which brakes specific afferentation to des-
ignated cortical areas via the relay nuclei. Sufficiently strong 
inhibition of the relay neurons can unmask the thalamic and 
cortical delta-oscillators, resulting in slow EEG typical for 
deep sleep (Otto 2008). The above mentioned GABA agonist 
effect of the anesthetics obviously enhances this intrinsic 
GABAergic inhibition while their glutamatergic antagonist 
effect reduces the activity of the ascending reticular activat-
ing system which acts not only directly on the cortex but also 
suppresses the inhibitory effect coming from the thalamic 
reticular nucleus (Otto 2008). 
The qualitative difference between the shape of the SS 
EP recorded under CLH vs. under URE or KEX cannot be 
explained by the mentioned shift of excitation-inhibition bal-
ance. The very first deflections in the whole SS EP are, in all 
likelihood, of subcortical origin, arising from thalamic activa-
tion (Stienen et al. 2005) or from direct effect of the electric 
stimulus on the whisker pad muscles (Freeman and Sohmer 
1996). Under effect of CLH. centripetal spread of excitation 
at and above the level of thalamus seems to be more strongly 
blocked than in case of URE or KEX, so that this fast, sharp 
wave is more pronounced in the cortical lead-off than with 
the other anesthetics. 
The changes in the numerical parameters of the investi-
gated cortical electrophysiological phenomena, resulting from 
the choice of the anesthetic and the actual level of anesthesia, 
were apparently large enough to interfere with the effects 
of test substances in neurotoxicological or neuropharmaco-
logical investigations, underlining the importance of correct 
choice and dosage of the anesthetic. The result also support 
that properly chosen electrophysiological parameters could 
reliably indicate the depth of anesthesia. 
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ABSTRACT The unique remains of a 7.2-million-year-old forest consisting of Bald cypress 
and Coast redwood were found in the area of Bükkábrány in County Borsod-Abaúj-Zemplén of 
Hungary. The trees of the fossil remains comprising 16 stems, which were discovered in a lignite 
mine, were standing in their original locality, and preserved their original cellular structure. No 
petrification occurred, which is general characteristics of wood remains preserved for millions 
of years. What makes the findings unique is that they make it possible to carry out the tradi-
tional histological examination of the intact wood structure. The results of light and electron 
microscopic investigations definitely proved that in addition to Bald cypress, the wood species 
of the ancient forest remains also included Coast redwood. Today, the natural habitat of Coast 
redwood is definitely in North-America, but millions of years ago, they were also present in 
Europe including the Carpathian basin. The xylotomic analysis has unambiguously revealed 
that two of the investigated five trunks are Bald cypress (Taxodium distichum) or the already 
extinct Taxodioxylort germanicum, while the other three trunks are Coast redwood (Sequoia 
sempervirens) or a member of the already extinct family, the Sequoioxylon sp. 
Acta Biol S z e g e d 57(2):161-166 (2013) 
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In the summer of 2007, miners in the Bükkábrány Lignite 
Mine of Mátra Erőmű Zrt. discovered the remains of an 
ancient forest consisting of 16 stems from the late Miocene 
Period (Fig. 1). The ground level of the original "forest" 
was covered by a layer of wet sand or mud of a height of 6 
metres. A sudden geological event such as a mudslide may 
have been the cause of the demise, thus hermetically sealing 
and conserving the lower 6-metre-high section of the stems. 
Since no air contacted the trunks, which were surrounded 
by a continuously wet medium, constant humidity and the 
conserving effect prevented petrification of the stems, which 
therefore remained intact. The ancient stems were later trans-
ported to Ottó Herman Museum (Miskolc, Hungary). The 
fossil remains were conserved during the past few years, and 
six of the intact stems were displayed in the Nature Reserve 
of Ipolytarnóc Fossils (Ipolytarnóc, Hungary) and another two 
trunks were exhibited in Ottó Hermann Museum following a 
special conservation treatment. 
During the last centuries, different species of driftwood 
were often discovered, however never in their own original 
locality or natural habitat, but within uncertain geographical 
circumstances. Fossil remains were found in several locations 
throughout Europe (Pinna and Meischner 2000) includ-
ing Hungary. The most famous fossil remains ever found 
in Hungary is the petrified tree discovered in Ipolytarnóc, 
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which as examination proved is such a pine species that 
bears no similarities to any species either living or fossilised 
that is having gone extinct or conserved (Tuzson 1901). Its 
anatomical structure resembles to species belonging to genus 
Pinus that is why Tuzson called it Pinus tarnocziensis. Later, 
Greguss (1967) labelled the petrified remains as Pinoxylon 
tarnocziensis. However, the trunks found in the marshland 
of Biikkabrany, which were standing in their own locality 
preserving their original structure, are peculiar and offer 
researchers a unique chance for scientific examination and 
interpretation. 
Figure 1. Location Bükkábrány Lignite Mine (Bükkábrány, Hungary). 
109 
Antalfi, Fehér 
Figure 2. Fossil remains in the lignite mine (Bükkábrány). Figure 3. Location of the examined stems (Kázmér 2011). 
Plant remains were already investigated after the excava-
tion of the lignite mine in Bükkábrány in 1980. Based on 
the leaf fossils both coniferous and hardwood species were 
identified such as, Glyptostrob us, Ginkgo, as well as Alnus 
and Byttneriophyllum (László 1992). Investigating fruit and 
seed remains additional species were found such as Glypto-
strobus, Polamogeton, Ceratophyllum, as well as Acer, Alnus, 
Pterocarya and Spirematospermum (László 1992). Similar 
fossil remains were found, however, earlier elsewhere. In the 
lignite mine in Gyöngyösvisonta located only 50 km from 
Bükkábrány a Sec/uoioxylon gypsaceum (Pálfalvy and Rákosi 
1979) was found that was suggested to a Coast redwood (Se-
quoia sempervirens) of our days by Greguss. 
Following the discovery of the trunks, the great majority 
of scientists stated that based on the visual examination of the 
form and characteristics of the bark, the remains were part 
of an ancient forest consisting of Bald cypresses (Taxodium 
distichum) (Kázmér 2007). By today it has been proved that 
the above theory is only partly true as the discovered forest 
consisted of different species. Specific morphology of the 
discovered trunks, characteristics of the bark, as well as 
earlier literature like researches of Kordos and Begun (2002) 
clarified, however, that the fossil remains belongs to the Cu-
pressaceae family. Trunks discovered in the mine are strongly 
sprawling and ostentatiously ribbed (Fig. 2). The bark is 
deeply cracked with long vertical strips. It is rich in cork and 
easily peeling. The shape and size of the fossil tree trunks 
discovered in Bükkábrány as well as the results of the inves-
tigation of other European fossils (Kráusel 1949; Greguss 
1955, 1967, 1972; Van der Burgh 1973; Dolezych and Van der 
Burgh 2004) angled the members of the Cupressaceae family 
such as the Taxodium, the Sequoia, the Metasequoia, and the 
Glyptostrobus genus. Results of the phylogenetic analysis re-
quire more or less also the study of the above genus, although 
the four recent genera do not compose a monophyletic clade, 
because the Sequoia and the Metasequoia and possibly the 
Sequoiadendron genus are more closely connected (belong 
to one clade). Contrarily, the Gliptostrobus composes another 
clade with the Cryptomeria and the Taxodium rather belongs 
to this clade (Li 1998; Kusumi et al. 2000). Analysis of the 
earlier European fossils proves that the Taxodium, Glyptostro-
bus, Sequoia and Metasequoia should not be excluded from 
the investigation. Phylogenetic researches may also require 
the investigation of the Cryptomeria genus but based on the 
morphology of the Bükkábrány fossils and the results of 
previous fossil analysis this genus can be excluded. 
Several researchers have been engaged in wood identi-
fication, and named different species including Coast red-
wood (Sequoia sempervirens) and Bald cypress (Taxodium 
distichum) among the wood species (Molnár et al. 2007, 
2008). Antalfi and Fehér (2012) said that in addition to Coast 
redwood and Bald cypress the discovered species might also 
include Taxodioxylon germanicum and Sequoioxrylon sp., 
since from the perspective of xylotomy there was a minimal 
difference only between existing species and those which had 
already became extinct; and Hably (2008) also presumed to 
identify Taxodioxylon germanicum, a species that had already 
became extinct. Further studies suggested that in addition to 
Taxodioxylon germanicum, Glyptostroboxylon sp. might also 
be found among the fossil remains (Erdei et al. 2009). Fur-
thermore, based on the examination of leaf and cone remains, 
Glyptostroboxylon europaeus was also identified. The ex-
amination of the five ancient trunks displayed in Ipolytarnóc, 
which was carried out by Gryc and Sakala (2010), produced 
similar results, and identified Glyptostroboxylon rudulfii and 
Taxodioxylon germanicum among the remains. 
Materials and Methods 
The investigations were focused on the species identifica-
tion of the trunks, for which samples were collected from 
five different stems. Figure 3 indicates the location of the 
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Figure 4. Cross section of sample 10 (Sequoioxylon sp.). 
stems in the marsh forest of the Bükkábrány mine based on 
Kázmér (2011). 
The samples were taken from the upper part of trunk No 
10 and 11 so as not to damage the stems, while we received 
smaller specimens from trunk No 2, 5 and 6 to use during 
the examination. 
Following the appropriate preparation of the samples, 
the sections were prepared by using a Leitz Wetzlar sledge 
microtome. For examinations required for wood species 
identification, a Nikon SMZ-2T zoom stereo microscope 
and a Hitachi S-3400N scanning electron microscope were 
applied. Since the wood is an orthogonal anisotropic material, 
analysis of all of the three anatomical directions (radial, tan-
gential and longitudinal) is necessary to determine the wood 
species. The buried ancient woods have lost some of their 
cellulose content (Molnár et al. 2008) that is responsible for 
the cell wall strength. Therefore, before the light microscope 
analysis, samples had to be embedded into paraffin to be able 
to produce appropriate sections. For a good quality section, 
the right anatomical direction must be taken carefully. The 
thickness of the sections was between 15 and 20 pm. For SEM 
investigations, however, a different method was applied for 
sample preparation. The proper quality of the surfaces was 
achieved by charring at elevated temperature. 
Results 
The longitudinal tracheids on the cross sections of trunks No 
2, 6 and 10 show a regular pattern, and therefore, evidently 
refer to pine species (Fig. 4). The borderline between the 
early and late wood is relatively abrupt. No real resin canal 
may be found in the samples. There are a great number of 
axial parenchymae dispersed especially in the early wood. 
In the tangential direction, rays are a single cell wide only, 
with their height ranging from 1-30 cell lines. The end wall of 
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Figure 6. End wall of ray parenchyma is smooth; sample 2 (Sequoi-
oxylon sp.). 
axial parenchymae is smooth. In the parenchyma cells, dark-
coloured substances may be observed. In the cross sections, 
bordered pits of longitudinal tracheids are arranged in 1-3 
rows. The rays are heterogeneous, as there are ray parenchy-
mae in the middle, and ray tracheids in the end of the ray (Fig. 
5). The walls of ray tracheids are smooth or have toothlike 
ingrowths, but no other cell wall alteration may be observed. 
The tangential walls of ray parenchymae are smooth (Fig. 6), 
or occasionally nodular. In the crossfield, 1-3 taxodioide pits 
or cupressoides may be seen. The occurrence of taxodioide 
pits is more prevalent. The above anatomical characteristics 
refer to Coast redwood (Sequoia sempervirens), which be-
longs to the Sequoia genus, or to Sequoioxylon sp, one of the 
species of the genus, which already became extinct. 
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Figure 7. The rays are sometimes two seriate; sample 11 (Taxodioxylon 
germanicum). 
Figure 9. Crossfield pits are taxodioid; sample 5 (Taxodioxylon ger-
manicum). 
Based on their microscopic characteristics, trunks No 5 
and 11 belong to a different species. The longitudinal trache-
ids on the cross sections show a regular pattern. The border-
line between the early and late wood is abrupt. The autumn 
wood is very narrow. There are a relatively great number of 
axial parenchymae, which are either dispersed or arranged 
in lines in the tangential direction. In the tangential section 
it can be observed that the rays are mostly one or two-cell-
wide (Fig. 7). As far as their length is concerned, they can be 
as high as 35 cell-lines. The end walls of axial parenchymae 
are not smooth but nodular (Fig. 8). In the axial parenchyma 
cells, dark-coloured substances may often be observed. In 
the tangential direction, the rays are homogeneous as they 
are composed of one cell-type only (ray parenchymae). On 
Figure 8. The end walls of axial parenchymae are nodular (Taxodioxy-
lon germanicum). 
Figure 10. Tracheids are f ive or six-sided (Metasequoia glypto-
stroboides). 
the cell walls of longitudinal tracheids the alteration is caused 
by pits only. The bordered pits are arranged in 1, 2 or 3 rows. 
The end walls of ray cells (tangential walls) are smooth. In 
the crossfield. cupressoide and taxodioide pits (Fig. 9) may 
be observed. Their numbers vary from 1 to 4 depending on 
whether being examined in the early or late wood. Based on 
the above, the examined two trunks belong to the Taxodium 
genus, being either Taxodioxylon germanicum, a species 
which already became extinct, or Bald cypress (Taxodium 
distichum), one of its existing relative. 
In addition to the similarities, slight differences may also 
be observed in the xylotomic analysis of the wood species 
detailed in several studies, which might as well challenge the 
results of such examinations. The species of the Taxodiaceae 
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family have been examined by several xylotomists including 
Greguss (1972), Hollendonner (1913), Hoadley (2000) and 
Wheeler (1986), among others. The anatomic descriptions are 
correct, though minor differences may also be seen, that is 
why 1 applied existing control species. Based on the examina-
tion of the control species, I examined which genus of ancient 
pine trees or species they belong to. In the case of the control 
species, samples were collected by using a so-called Pressler 
drill from three species including Bald cypress (Taxodium 
distichum), Coast redwood (Sequoia sempervirens) and Dawn 
redwood (Metasequoia glyptostroboides) as the latter species 
is also a member of the Taxodiaceae family. 
From an anatomic perspective, Dawn redwood bears the 
most similarities to Coast redwood, therefore in our research 
we also compared these two species. The xylotomic data of 
Dawn redwood are different from both those of the ancient 
trunks and Coast redwood, which differences were also 
supported by the microscopic examinations. In the cross 
sections it can be seen that tracheids in Coast redwood are 
arranged in a regular pattern, while Dawn redwood has five 
or six-sided cells (Fig. 10). Another significant difference 
may be observed in the tangential section: in the case of 
Coast redwood rays are heterogeneous that is they consist 
of ray tracheids in addition to ray parenchymae, while in the 
case of Dawn redwood rays are composed of parenchyma 
cells only. Based on the research carried out so far, we have 
not managed to undoubtedly prove the presence of Dawn 
redwood, or one of its relative, Glyptostroboxylon sp, which 
already became extinct. 
Discussion 
From a histological perspective, Coast redwood is identical 
to Bald cypress, but there is a difference in the red colour of 
the heartwood cell walls, which is yellowish or golden in the 
case of Bald cypress. Another difference may be observed 
in the tannic acid content of the cell walls: the heartwood of 
Taxodium turned green only following a prolonged exposure 
to ferrous chloride, while that of Sequoia instantly went 
black. The reason behind this change in colour is that the 
reddish-brownish substances of tray cells contain tannic acid, 
and some yellowish-brownish substances in the tracheids are 
also composed of water soluble materials with tannic acid 
content. As it can be seen, a clear distinction may be easily 
made between the two species with macroscopic examination, 
however, they are much more difficult to differentiate by ap-
plying the method of microscopic investigation. 
The results of the examination carried out on the fossil 
remains proved that the trunks are members of the Taxodi-
aceae family exclusively. Consequently, these species bear 
striking similarities from a xylotomic perspective, and those 
related species which became already extinct bear striking 
similarities to their existing counterparts. 
The results of the xylotomic examination evidently proved 
that two (no 5 and 11) of the three trunks are T. germanicum, 
which already became extinct, while trunk No 2, 6 and 10 
are Sequoioxylon sp, one of the extinct members of genus 
Sequoia. 
The discovery of the marshland forest in Bükkábrány, 
which had been buried some 7.2 millions of years ago, made 
a unique examination of fossil remains possible. Our aim was 
to carry out the comprehensive anatomical and physical ex-
amination of the trunks belonging to the ancient forest, which 
also included determining the characteristics of the identi-
fied wood species by way of microscopic and macroscopic 
examinations. So far, five trunks have been identified. The 
histological study of the samples evidently proved that the 
trees discovered in the area belonged to a pine wood. It was 
observed as early as at the beginning of the examinations that 
every trunk was member of the Taxodiaceae family, which 
was also supported by the morphology of the trunks and the 
characteristics of the bark including its width and structure. 
The results of the xylotomic examinations evidently proved 
that two of the five trunks examined so far are T. germanicum, 
already extinct, which bears striking similarities to Bald cy-
press (71 distichum), an existing species even today, and that 
the three other trees are Sequoioxylon sp., which had already 
become extinct, a species closely related to Coast redwood 
(5. sempervirens). Based on the examinations carried out so 
far it has been proved that further investigation is required to 
determine whether the extinct species already identified in 
Bükkábrány and the strikingly similar existing wood species 
are the same or actually belong to different species. 
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